NSRC 0245

VETHODS ENG NEERING WORKSHOP
FCR THE SH PBUILDING | NDUSTRY



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
SEP 1985 2. REPORT TYPE 00-00-1985 to 00-00-1985
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Methods Engineering Workshop for the Shipbuilding Industry £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Surface Warfare Center CD,Code 2230 -Design I ntegration REPORT NUMBER
Tower,9500 MacArthur Blvd Bldg 192 Room
128,Bethesda,M D,20817-5700

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE 220
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



| NSTI TUTE OF | NDUSTRI AL ENG NEERS

Met hods Engi neering Wrkshop
for the Shipbuilding Industry

TASK EC- 23

Submtted to:
M. Murice W Cunningham |11
Mar Ad Program Manager and Chairman
SNAME Panel SP-8 on Industrial Engineering
Bath Iron Wrks Corporation
700 Washington Street
Bat h, Mai ne 04530

Conduct ed by:
Institute of Industrial Engineers
25 Technol ogy Park/Atlanta
Norcross, GCeorgia 30092

Date: September, 1985

This project is managed and cost-shared by the Institute
of Industrial Engineers for the National Shipbuilding
Research Program The programis a cooperative effort
of the Maritime Admnistration’s Ofice of Advanced Ship
Devel opment, the U S. Navy, the U S. shipbuilding

I ndustry, and selected academ c institutions.



METHODS AND ENG NEERI NG TERMS AND DEFI NI TI ONS

Avoi dabl e Delay. A delay which is under the control and responsibility of the
wor ker .

Constant El ement. An el enent whose work content and normal tine do not vary
significantly although sone other aspect of the job changes

El enental Breakdown. A listing of work elenments with individual descriptions
and/or calculations for each; the separation of a work cycle

Fair Day's Wrk. The amobunt of work that nanagenent expects daily from an
empl oyee. Expected attainment.

Fatigue Allowance. An adjustment to normal tine to conmpensate for |oss of pro-
duction tinme due to the operator resting

Fl ow Process Chart. A graphic, synbolic representation of work perforned on a
product as it passes through some or all of the stages of production.

I ndirect Labor. Work that is not readily chargeable to or identifiable with a
specific product or service

| ndustrial Engineering. The design, inprovenent, and installation of integrated
systems of people, materials, and equipnent, draw ng upon specialized .

know edge and skill to specify, predict, and evaluate the results to be
obtained from such systens.

Interference Allowance. An adjustment to standard time to conpensate for idle

machine time when the” work cycles of the operator and two or nore machines do
not coi nci de.

Job Description. A sunmary of essential activities of a job abstracted froma
job analysis and used in the classification of a job.

Learning Curve. A plot of productive output as a function of time where the

time per unit will usually decrease as the worker becones proficient in work
per f or mance.

Low Task. Average daywork performance under conditions of little supervisory
control. Often taken to be 83%,of normal task

Met hods Engi neering. A collection of analysis techniques that focus attention on

i nproving the effectiveness of people and machines, including the design of
controls. "Conmon sense systenmatically applied.”

Motion Econony. Use of the basic principles of the manner in which body notions
are performed to sinplify and reduce work content.

- 14A-



INSTITUTE OF INDUSTRIAL ENGINEERS

Nonograph. A graphical set of lines or curves representing equations arranged so
that a solution can be obtained by connecting points representative of inde-
pendent vari abl es.

Normal Pace. The manual working pace that requires normal effort to perform

Operations Analysis. A study that enconpasses all procedures concerning design,
operation purpose, inspection requirenents, materials, material handling
setup,tools, working conditions, and nethods.

Qperation Process Chart. A graphic and symbolic representation of the conplete

sequence of producing a product show ng the operations and inspections per-
f or med.

Plant Layout. The planning of plant structure, service facilities, and produc-
tion facilities.

Scientific Minagenent. "Minagement based on neasurenent plus control." F. W
Tayl or.

Tine Formula. A fornula for determining the normal time or standard time of a
task as a function of one or nore variables in the task.

Unavoi dabl e Delay. A delay which is outside the control. or responsibility of
the worker.

Wrk Sanpling. A work neasurenent technique consisting of intermttent, instan-
t aneous observations of work activity or del ays.

Work Sinplification. Inprovenent in work methods initiated and devel oped on the
job as a result of methods training and/or incentives.

- 14B-



The operation process chart

assenblies starting at the panel.

FLAYED

[sta, neal]l 2

heck Over Plates

2
/2

TYPICAL PANEL ASSEMBLY OPERATION

here indicates those activities for

PANEL ASSEMBL

) 4

flat panel

I.L.
2,1 6 )Fit and Tack
2,6 7)Weld Side 1
{two-man crew)
3.0 8)Weld Side 2
(two-man crew)
3 9)Grinding
l. L. 3 |Check Welding and Grinding
on Plate Assenbly
PLATE ASSEMBLIES "
[sed, mrs} .
- 3.0 @D i.ayout
(two-man crew)
I.L. 4 | Check Layout
1.0 Fit and Tack
(2-man crew)
2.1 Weld side 1
2.0 A 121 3 23 A
IS "'/7‘ - )
1.0 . Layout
(15) Longitudinals @
8.0 @ Fit and Tack
(4-man crew)
l. L. 5 |Check for poor
Tacking
40. 0 Weld
(3) Vb Franes (2-man crew)
Sunmary [Operations |l nspections | Total 9.0 @ Fit and Tack
Hour s {2-man crew)
Present 17.5 (18) wera
Met hod 14 5 96. 6 (6-man crew)
Proposed 5.0 19 erina-
Met hod :
Savl ngs l.L.
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OPERATION FLOW PROCESS CHARTING - SYMBOLS AND TERMS

Operation: Produces or Accomplishes

Operation 3

Transportation: Moves

Transportation #8

Inspection: Verifies

Inspection #2

Delay: Interferes

Delay #6

Storage: Keeps

Storage i1

Combined Activity:

Inspection 33 plus Operation §7

-23B-
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Slide 5
Subj ect charted: Present/proposed net hod:
Drawi ng/par t nunmber: . Date char ted: By:
Sheet __of ___ sheets: Approved by:
Location (Plant no., etc.): Chart no. :
(or other information)
Slide 6
Assy. Nane Time Dept .
1st 1.6 hrs. 16
Operation
New material
i ntroduced
2nd 5 2.1 hrs. 18
Qperation
1st
| 1 3hr. 50
| nspection
Slide 7
Part Name
«30 hr, 1 Recei ving inspection
2,50 hrs, K Wit for dispatcher
500 ft. ‘14 Move to stock
g 50 PCS.
24.0 hrs. W Stay in stock until needed

-23c-
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Slide 8

A break in the flow process line

is shown like this.

<%

Slide 9

FLOW PROCESS CHART
SUBJECT DATE

CHART BEGINS,

CHART ENDS

SYMBOLS : DESCRIPTION REF

Fh
priE
IEE‘s’s
bk
BE

i

;

ODP DIV

OLDLIV

OpDLIV

ORDLIV

OPDLIV '

OODIV

OLDLIV

ObDLIV

OODLIV

OLDLIV

ORDLIV

OODLCIV

OLDI IV

ORDLIV

_ODDLIV

_ObDLNV

_ODDLIV

~OODLIV
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Load the slides into a slide carousel and review before starting the study.
When reviewing, wite down each activity as follows:

Working Activities Tal ly Tot al

Receiving instructions
Tacki ng

Removi ng sl ag

Material handling

M scel | aneous work activities

Not - Wor ki ng Activities

Per sona
Not in area
Talk to other worker
Total Observations

Once the activity categories have been established, progress through the

conpl ete set of slides on an 8-second interval per slide and nmark the

appropriate categories. The random placenent of slides in the carousel repre-
ents the random tine observation techniques. However, if you choose, a group
of people can be given randomtime to observe the slides with a narrator calling

out times on a 5-second count. The results will be the same in either case

\Wen the observations have been conpleted, add the mark for each activity and

also the total marks for the study. Wth this data, the tine percentage for
each activity can be calculated: No. Reading/Acti vi ty - No. Reading for Study
Activity Percent.

Wrk Sanmpling Study Results

Work Activities Per cent
Receiving instructicns 2
Tacki ng 40
Renovi ng sl ag 12
Material handling b
M scel | aneous work activities 8
Tot al 68
Not - Working Activities Per cent
Tota

- 42A
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OPERATION FLOW PROCESS CHARTING — SYMBOLS AND TERMS (Slide 1)
13 Aa 92
Slide List
No. Description
1 Title slide: Wrk Sanpling Study: Fitting operation
2 Receive instructions
3 Tacki ng
4 Tacki ng
5 Tacki ng
6 Tacki ng
7 Rermove sl ag
8 Material handling
9 Material handling (wait on crane)
10 M scel | aneous activity (operator walking)
11 M scel | aneous activity (operator standing)
12 Personal (reading paper)
13 Not in area
14 Talk to other worker
15 Tacking (#3)
16 Tacking (#5)
17 Remove sl ag
18 Personal (reading paper)
19 M scel | aneous activity (operator walking)
20 Tacking (#4)
21 Tacking ( #6)
22 Tacking (#3)
23 Tacking (#4)

-4 2B-
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49

Tacki ng (#5)

Tacki ng (#6)

Material handling

Talk to other worker

Not in area

Tacking (#5)

Renove sl ag

Rermove sl ag

M scel | aneous activity (operator standing)
Tacki ng (#4)

Tacki ng (#5)

Tacking (#3)

Tacki ng (#6)

Personal (reading paper)
Personal (reading paper)
Tacki ng (#6)

Personal (reading paper )
Not in area

Talk to other worker
Tacking (#3)

Renove sl ag

Talk to other worker
Renove sl ag

Personal (reading paper)
Not in area

Personal (reading paper)

-42c-
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50 Tacking (#4)
51 Notin area
RATI O- DELAY

Ratio-delay is an abbreviated form of the work sanpling study in that only to
activities are observed: working and not working. Ratio-delay conpares the
operators observed working with the total operators observed--a sort of “heads
up- heads down” conparison. This formof work sanpling is performed when
detailed activities are not required and when interest is in what amount of in
is spent working and not working. Al the rules that govern work sampling als
apply to ratio-delay.

Rati 0-Del ay Exercise

The slides that were used for the work sanpling study can al so be used for the
ratio-delay exercise. The same procedures should be followed; however, only
categories are of interest: working and not working. The results of your stu

should have the working activities at 68% and not-working activities at 32%
the tine.

-42D-
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Methods Engineering Workshop
for the Shipbuilding Industry

Manual Contents

Overview

Section | Productivity

Section Il Methods Analysis and Improvement

Section lll Selecting the Work To Be Studied

Section IV Record and Analyze the Method

Section V. Record and Measure ihe Time of an Operation

Section VI Examine the Facts

Section VIl Develop an Improved Method

Section Vil Qpllmn the lmnrn\mmnnf and antmmnn It

WREWES ® ABE Swsasesd

mental Materials
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Overview

Guidesheet for Follow-on Training
Workshop Introduction 1
Instructors 3

Shipyard Industrial Engineering 4
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METHODS ENG NEERI NG WORKSHOP FOR THE SHI PBUI LDI NG | NDUSTRY
QUI DESHEET FOR FOLLON ON TRAI NI NG
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The purpose of the Methods Engineering Wrkshop is to train shipyard personnel
in the techniques of nethods inprovenent with the ultimate goal of inproving
manuf acturing productivity in their yards. The workshop materials in front of
you are the end results of several hundred hours of research and devel opnent by
specialists in training, industrial engineering, and methods inprovenent.
Properly used, they can be the core of a valuable and effective programfor IE
technicians, industrial engineers, production engineers, forenmen, supervisors,
and operations managers. The key to their proper use, however, is an
understanding of the materials and how they can be integrated into a training

program

GENERAL | NFORVATI ON

COURSE  MANUAL

The 104-page manual has been designed as both a student reference manual and an
instructor guidebook. The course manual consists of eight (8) major sections
The titles of these sections are:

. Productivity
[l. Methods Analysis and |nprovenent
[l . Selecting the Work to be Studied
| V Record and Analyze the Method
v. Record and Measure the Time of an Cperation
VI. Examne the Facts
VIl . Develop an Inproved Method
VITI . Selling the Inprovement and Maintaining It

Each of these mmjor sections contains reference material witten specifically
for the shipbuilding industry, providing a more famliar reference for rein-
forcing the concepts taught in the workshop. In addition, many sections include
suppl enental texts, articles, charts, and tables to augment the reference
material .

This guidesheet is designed for use by workshop attendees who wish to conduct
subsequent training within their shipyards

Before continuing with this guidesheet, read through the manual to famliarize
yourself with its contents. while you are reviewing the material, notice that
each section has its own Table of Contents which includes a listing of the
addi tional supplenentary materials. In a later section of this guidesheet
entitled “USING THE COURSE MATERIALS,” references will be made to the course
manual .

HOWN TO DEVELOP A TRAINING PROGRAM W THIN YOUR SH PYARD
The nost inportant itens to consider when devel oping a program are:
1. The agenda or day-by-day activities.

2. The use of the course materials.
3. The equipment needed to present the program
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The original pilot workshop was designed for and presented in a five-day format.
To cover all the material in the manual, 40 hours of class tinme will be required
It is not necessary to teach the programin five consecutive days, however
Because of personnel and shift schedules, you may find it nore appealing and
f!gxible to teach the program over a period of weeks. Some guidelines to con-
sider are

PROGRAM  AGENDA

1. The course manual presents the basic fundamentals of industrial engi-
neering techniques. The material is presented in a step-by-step format
that is nmost effective when conducting a nethods inprovenent study. It
will provide the nost value to the student if the outline is followed.
However, each section is independent and can be taught separately if so
desired. It is a good idea to devote a mninum of 24-30 hours of
training tinme for this material.

2. To make the program nore effective, allow the participants to practice
sone of the techniques discussed in the manual by going out into the
yard and applying the techniques (e.g., linear responsibility charting
operations analysis, group timng technique, work sanpling, etc.)

3. Section VIl of the course manual should be covered in approximtely six
hours. These case studies were devel oped at various shipyards around
the country and will, nost likely, be applicable to the operations in
your vyard.

4, After conpleting the case study section, assign problems to the par-
ticipants. The problenms can be simlar to those found in the manual
Allow the participants five to ten working days to solve the case study
problens and to docunent them for discussion in a classroom
envi ronment .

Regardl ess of the way you structure your program always |look at your training
agenda as tenporary. Each time you conduct the program reevaluate it, perhaps
with the students, and inprove it. Don't assume that your first agenda will be
perfect. Always renmenber that the agenda, |ike the enployees you train, is a
dynam ¢ changing el enent and nust be evaluated frequently to be sure that it is
effective

USING THE COURSE MATERI ALS

The next itemto consider when structuring a programis the way you will
integrate the materials into the workshop. Some hel pful suggestions are listed
here.

OVERVI EW of the course nanual

Pages 1-4 are introductory in nature. As a result, these first few pages
can be read by the participants outside of the class.

SECTION || of the course manua

Pages 5-7 discuss what productivity is and the need for it in order for the
ndustry to survive
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The purpose of section Il is to get the participants acclinmated to nethod
engi neering termnol ogy.

SECTION |1l of the course nanual

Pages 8-9 address the methods inprovenent attitude. Methods inprovenent i
a continuing process as long as an operation exists. The ultimate inprove
ment is to elimnate an operation.

Pages 10-12 discuss the two main blocks of methods engineering, nethods
study and work measurenent. Methods study deals with the exam nation of
work content of a task while work measurenment is concerned with the tine it
takes to performa task.

Pages 13-14 are lists of nethods engineering terns. Notice that there is a
set of terms with definitions at the back of this follow on guidesheet.
This provides you with the tools to conduct a short quiz on terninology.

Included is a copy of the Anerican National Standards Institute terninology
manual for Work Measurement and Methods. This is supplenental and can be
used as a reference or to expand your quiz on nethods engineering terns.

Page 15 states the primary objectives of nethods study.
Page 16 highlights the basic procedures for conducting a methods inprove-

ment study. The eight steps called out on this page set the stage for the
remai nder of the workshop

STEPS MANUAL SECTI ON

1.  Select [11

2. Record | V&V

3.  Examne Vi

4. Devel op Vi

5. Define 1V, V&VI

6. Sell VI

7. Install VIl & VI

8. Miintain VI

SECTION Il of the course mmnua

This section deals with the first step of conducting a methods study; that
is, selecting the work to be studied.

Pages 17-20 discuss two different ways to start an anal ysis.
Cues/Indicators covers the questioning approach and the other addresses
econom ¢ and technical considerations.

SECTION |V of the course manual

This section covers the recording of facts and anal yzing the methods
currently in use. The purpose of this section is to provide the par-
ticipant with the tools to conduct proper operations analysis.
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Page 21 is an introduction to Section IV and prepares the student for four
conmonly used tools for methods analysis.

In order to conduct an effective class on operations analysis, the
followi ng is recomended

1. Review QOperations Analysis form Page 22, with the students. Wrk
through it with a typical shipyard exanple, then give them another
operation to review Possible candidates for this would be |adder
assenblies, longitudinal fabrication, web frame assenblies, etc

2. Review the synbols and terms for Process Charting on page23. Use the
bookl et “Process Charts"as a reference or to expand your discussion on
process chart nethodol ogy.

3. Review the panel assenbly operation on Page 23, then instruct the
attendees to fill in the correct symbols. Review their performance on
this exercise using Page 23A found at the back of this guidesheet.
This procedure should help the attendees grasp the fundanentals of pro-
cess charting. Pages 24-27 represent another charting exanple that the
attendees can conplete.

4. Another useful analytical tool is the linear responsibility chart
(LRO . There is a reprint of an article on LRC by Don Barnes, the
pilot workshop instructor. Use this section to train personnel on
the use of LRC and with the blank form have them perform an applica-
tion in the yard.

To broaden the exercises, assign the attendees an operation analysis in the
yard. The attendees could then go out and use the newy |earned techniques
to anal yze operations in the yard.

SECTION V of the course nanual

This section covers recording and neasuring the time it takes to perform an
operation. Just a few techniques are discussed in this section.

Measurement of a task can be done on a wide spectrum from an educated
guess to predetermned tinme systens (PTS). The level of neasurement in
Industry today is closer to the educated guess method than the PTS net hod.
The nost useful and universally used neasuring technique in use is work

sanpling.

You shoul d develop a set of slides simlar to the ones used in the
wor kshop. Use these slides to sinulate a work area for training students
in the techniques.

The workshop material covers work sanpling in depth. A follow on exercise
shoul d be done by sending the students out into the yard to performa work
sanpling study. This will probably be the most valuable exercise of the
subsequent training.
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SECTION VI of the course manua

This section covers examning the facts utilizing the laws of motion eco-
nony. Pages 64-66 cover the traditional principles of notion econony.

Sone people believe these laws are too “mcro” in nature and don't apply to
shipbuilding. This may be true in some areas, however, they definitely
have their place. Pages 67-68 introduce three laws specifically devel oped
for shipyards.

Pages 69-72 introduce a few notion econony devices. After covering this
material, a tour of the yard should be taken to look for other such devi-
ces. Have the students also try and identify tasks that could use such
devi ces.

SECTION VI| of the course nmanua

The purpose of this section is to provide the attendee with documented,
properly prepared case studies. It can be used to reinforce many of the
techniques and fundamental s discussed in previous exanples.

In addition, there is a section on shipyard layout principles (Page 89)
which the participants should conplete at their own pace. The materia
handl ing section (Page 75) also discusses the types of equipment used in
shipyards along with a detailed utilization study of [ift trucks.

You should review each case study in depth, not only in contents but also
in format. To broaden the scope of this section, assign a case study to
one person or groups of two or nore participants. They can perform the
studies and fully document the results. These results can expand this sec-
tion and help inprove productivity in your yard.

SECTION VIII of the course manua

One of the nost inportant aspects of methods engineering is discussed in
this section. In order for a method to be inproved, people have to be sold
on the idea. If this is ignored, a good idea could be a loser. The inpor-
tance of getting people involved should be stressed to the students. If
this is done, the-soiution will sell itself.

EQUI PMENT AND MATERI ALS
Necessary additional materials include:

|, Extra carbon paper and blank sheets for the Shipyard Layout exercise in
Section VI.

2. Duplicate forms and charts. NOTE: Before using the forms in your
course manual, copy themin quantity for use by the attendees.
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TYPI CAL _PANEL ASSEMBLY OPERATI ON

The operation process chart here indicates those activities for flat panel
assenblies starting at the panel

PLATES

Std. Hrs
l.

2 check Over Pl ates

l'ine.

PANEL ASSEMB|LY

10) Layout

(two-man crew)
Check Layout

Fit and Tack
(2-man crew)
Veld Side 1

®-O-E -~ ®

tld Side 2
14) Layout

Fit and Tack

(4-man crew)

Check for poor

Tacking
Weld
(2-man crew)

B » (©®

L.
2.1 6)Fit and Tack
2.6 7)Weld Side 1
(two-man crew)
3.0 8)Weld Side 2
(two-man crew)
.3 9)Grinding
l. L. 3 |Check Welding and Ginding
on Plate Assenbly
(2) PLATE ASSEMBLIES
3.0
I L.
1.0
2.1
2.0
1.0
(15) Longtudinals
8.0
I L.
40.0
(3) Web Franes
Sunmary |[Operations |Inspections [ Total 9.0
Hour s
Present 17.5
Method 14 5 96. 6
Proposed 5.0
Method
Savings l. L.

-23 A

17) Fit and Tack
(2-man crew)
Weld
(6-man crew)
Grind

18)
19
6 Final check
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| NTRODUCTI ON

In order to stay in business in today’s econony, we have to build and repair
ships tomorrow with better productivity than we did yesterday.

The principles of methods inprovenent currently are in use in many industries
throughout the world, but use is linmited in US. shipyards. There is a need to
i nprove and becone nore conpetitive. Being nore conpetitive by inproving manu-
facturing techniques will result in nore jobs, better wages, job security, and
many other benefits. This is the reason for pronoting engineering techniques in
U S. shipyards.

During the course of this workshop we will cover a nunber of techniques that
will help you in making a contribution towards inproving your shipyard s psi-
tion in the marketplace. Your participation and input will increase the value
that is to be gained fromthe material that is to be presented.

Ve will be discussing productivity and how to inprove it, as well as inprovement
attitudes and the techniques used to promote and inplenent them The mgjor por-
tion of this workshop will address the nethods engineering aspect of methods
inprovenent. V& will cover each of the basic procedures and techniques in
detail. Their use will be denonstrated in case studies.

The nethods engineering discipline will provide the tools required to help
generate the “questioning” attitude that is needed for change

You can select just about any operation at randomin a shipyard and inprove it.
For exanple, examine a typical assenbly operation for steel |adders; the large

nunber of notions spread over a long distance seens to indicate an inefficient

layout. A closer ook showed that relocation of parts and final assenblies had
ptential for inprovenent.

A sketch of the present and proposed |ayouts shows this inprovenent potential



EXI STI NG LAYQUT

WELD I WORK
STATION BENCH
LADDER
FIXTURE
LADDER BRIDGE
STAGING ] LRANE
LADDER
FINISHED PARTS
LADDERS |
PROPOSED LAYOUT
WELD WOAK
STATION BENCH
LADDER
STAGINSG
LADDER BRIDGE
FINISHED LADDER PARTS LRANE
LADDERS FIXTURE ]




/A
2

Vi

DONALD W BARNES - President, Barnes Management Training Services, Fort
Lauderdal e, Florida

INSTRUCTORS

M. Barnes has nore than twenty-five years of experience as a training spe-
cialist and consultant in the fields of industrial and nethods engineering. He
is recognized as one of the leaders in work neasurement and methods inprovement
training, and has |ectured and taught at conferences and workshops throughout
the United States, representing the Anmerican Managenent Association, the
Institute of Industrial Engineers, and the MIM Association.

As a consultant, M. Barnes has served a variety of business organizations and
industries including shipyards in California and Florida. He is a certified
instructor of MIM 1, 2,and3and is a nmenber of the Board of Directors of the
MM Associ ation. M. Barnes is also a Senior Menber of IIE. He is the reci-
pient of the Qutstanding Industrial Engineer Award from the Mam, Florida
chapter of Il1E and the Fellows Award from the MM Associati on.

JAMES RUECKER - Chief Mnufacturing Engineer, National Steel and Shipbuilding
Conpany, San Diego, California

M. Ruecker brings to the workshop nore than fifteen years of industrial engi-
neering experience with proven skills in methods engineering, engineered |abor
standards, facilities planning and devel opnent, and plant |ayout and material
handl i ng anal ysis.

As Chief Manufacturing Engineer at NASSCO, M. Ruecker has been instrumental in
the inmprovement of shipyard assenbly and manufacturing techniques to include:

Devel opment of engineered |aker standard data for shipbuilding using predeter-
mned tinme systens.

- Managenent of the devel opment of the long-range facilities plan for expansion
and reindustrializaticn of the NASSCO shi pyard.

Design and inplenentation of a methods engineering program including staff
training and devel opnent.

M. Ruecker is a Senior Menber of IIE. He has been certified in the use and
training of predeternmined tinme systems such as MOST, MIM1, and MIM 4.
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SHI PYARD | NDUSTRI AL _ENG NEERI NG

Key menbers of the maritime comunity recognized some tine ago the value of
applying the analytical and common-sense techniques of industrial engineering
within US shipyards. In order to raise the awareness of shipyard decision
mekers to the benefits of scientific management and to pronote the use of an

anal ytical approach to problem solving in shipbuilding, a forumwas created for
information exchange

Under provisions of the Merchant Marine Act of 1970, the U S. Maritinme
Admi ni stration (NARAD) established the National Shipbuilding Research Program

(NSRP) to devel op inproved technical information and procedures for use in US.
shi pyards.

As the program evolved, direction was provided by the Ship Production Committee

of the Society of Naval Architects and Marine Engineers (SNAME). This comit-
tee, along with the Bath Iron Wrks Corporation, proceeded to establish the

proper direction to reduce the cost and tine for ship construction.

In order to carry out these objectives, MARAD, Bath Iron Wrks, and the

Institute of Industrial Engineers (I1E) held a three-day planning workshop wth
representatives from U S. shipyards in February 1978. A direct result of the
wor kshop was the fornulation of the Shipyard Industrial Engineering Panel

SP-8 .

Since 1978 the panel has broadened its approach beyond new construction to
include overhaul and repair operations.

Panel menbers presently represent Naval and Coast Guard commercial shipyards

the Maritime Administration, Naval Sea Systems Conmand, and the industria
engi neering profession.

Panel - sponsored projects are funded jointly by the US. shipbuilding and repair
industry, the U S. Mritime Admnistration, and the U S Navy on a cost-shared
basi s.
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VWHAT |S PRODUCTI VI TY?

Productivity may he defined as follows:
“PRODUCTIVITY IS THE RATI O OF QUTPUT TO TOTAL | NPUTS "

This definition applies in an enterprise, an industry, and an econony as a
whol e.

Put in sinpler terns, productivlity, in the sense in which the word is used here,
Is nothing nore than the arithnmetical ratio between the amount produced and the

amount of any resources used in the course of production. These resources nay
be:

¢ Land

~ Materials
Pl ant, machines, and tools
The services of people

O, as is generally the case, a combination of all four

W nmay find that the productivity of labor, land, materials, or machines in any
industry or country has increased, but this bare fact does not in itself tell us
anything about the reasons why it has increased. An increase in the produc-
tivity of labor, for exanple, may be due to better planning of the work on the
part of the managenent or to the installation of new machinery. An increase in
the productivity of material. s may be due to greater skill on the part of

workers, to inproved designs, and so on.

* Productivity of Land

The productivity of land used for shipbuilding or repair nmay be said to have
been increased if additional output can be net w thout increasing the
acreage to support it. One such way to increase the productivity of |and
would be to utilize storage racks rather than spread the material out on the

ground. Therefore, the productivity of that land, in the storage sense, has
been increased.

* Productivity of Mterials

If a skillful. burner is able to cut eleven fitting saddles froma plate from
whi ch an unskillful burner can only cut ten, in the hands of the skillful
burner the plate is used with 10 percent greater productivity.

Productivity of Machines

[f in the MaChine Shop a machine tool has been producing forty pieces per
day and through the use of inmproved cutting tools its output in the same

time is increased to fifty pieces, the productivity of that machine has been
increased by 25 percent.
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Productivity of People

If a grit blaster has been cleaning thirty square-feet of steel per hour and
an inproved nethod of blasting has teen inplemented which will enable himto
cover forty square-feet an hour, the productivity of that man has increased
by 33 1/3 percent.

In each of these deliberately sinple exanples output--or production--has also
increased, and in each case by exactly the same percentage as the productivity.
But an increase in production does not by itself indicate an increase in produc-
tivity. If the input of resources goes up in direct proportion to the increase
in output, the productivity will stay the same. And if input increases by a
greater percentage than output, higher production will be achieved. at the
expense of a reduction in productivity.

In short, higher productivity means that nore is produced with the sane expen-
diture of resources, i.e., at the same cost in terms of land materialist
machine-time, or labor; or alternatively that the same amount is produced at
less cost in ternms of land, materials, machine-tine, or |abor used up, thus
rel easing some of these resources for the production of other things

U.S. Shipbuilding Industries Need to Increase Productivity

In a short five-year period of time during World War |1, the U S shi@ilding
industry achieved unprecedented |evels of productivity as it constructed,

repaired, and nmaintained the largest and nost powerful naval and nerchant fleet
the world has ever known. This renmarkable feat was acconplished through a

totally cooperative effort anong shipbuilders, ship designers, suppliers, and

the U S. Governnent acting as an integrated team Five principal factors nade
this achievenent possible: first, a national commtment to get the job done

second, recognition and support of the shipbuilding industry as a nationa

asset; third, a dependable workload; fourth, extensive standardization of ship
and ship conponent designs; and fifth, highly effective organization of the ship
construction process.

After the war, the United States found itself with a tremendous surplus of both
naval and nerchant ships and so new ship orders dropped off to virtually
nothing. Wthout the opportunity to build ships on a dependable basis, the US
shipbuilding industry quickly lost the highly effective volune production
methods it had built up during the war.

Wien the worl dwi de demand for conmercial ships once again started accelerating
appreci ably? our foreign conpetitors with their significantlY |ower [|abor

rates, were in a %osition to capture a continually increasing share of the
market. Astheir backlog of orders grew, foreign shipuilders adopted and per-

fected the very shipbuilding methods which had been devel oped by the U S. ship-
bui l ding industry during World Var I1.

This sequence of initially lower foreign labor rates, followed by aggressive
adoption of inproved shipbuilding technology, coupled with enlightened foreign
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governmental maritime policies, has led to progressively increasing foreign

dom nation of the shrinking worldw de commercial shipbuilding market and the
concomtant decline of the US. industry' s conpetitiveness in the internationa
arena. Also contributing to the current U S. maritime situation, have been the
lack of a viable U S. maritime policy and late start on the part of the US
yards to invest in inproved facilities and methods to keep pace with the times.

Now the U S. shipbuilding industry is faced with the challenge of rebuilding,
maintaining the nation's seapower at an acceptable level, and recapturing a

greater share of the world s commercial market in order to survive and prosper
once again.

Instilling the Methods |nprovenent Attitude

Many people have been nmisled into thinking of productivity exclusively as the
productivity of labor, mainly because |abor productivity usually forms the basis
for published statistics on the subject. In this workshop the problem of
raising productivity will be treated as one making the best possible use of al
the avail able resources, and attention will constantly be drawn to cases where
the productivity of materials or plants is increased.

The main responsibility for raising productivity rests with managenent. Only
managenent can introduce and create a favorable climate for a productivity
program and obtain the cooperation of the workers which is essential for real
success, though this requires the good will of the workers too

One of the greatest difficulties in obtaining the cooperation of the workers is
the fear that raising productivity will lead to unenploynment. Wrkers fear that
they will work thenselves out of their jobs. This fear is greater when

unenpl oynent already exists and workers who lose their jobs find it hard to get
ot hers.

Even with witten guarantees, steps taken to raise productivity wll probably
meet wWith resistance. This resistance can generally be reduced to a mninumif

everybody concerned understands the nature of and reason for each step taken and
has sone say in its inplenentation.

To inplement a sucessful program the first step is to train in the proper use
of tools and techniques of methods engineering; then pronote the program by
meking the organization aware of the need for inprovenent and of the benefits
that can be achieved.
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THE METHODS | MPROVEMENT ATTI TUDE

Throughout this program you will hear the subject of methods inprovenent men-
tioned a great deal. The nethod used to perform any operation is of basic

i mportance since the tine required to performthe nmethod will determne the
amount of production. The nmethod will also determne the quality of the
finished product and the overall cost of the operation.

Since high productivity keeps a conpany conpetitive, nethods inprovenment nust
constantly be considered. In nost industries today, special departnents (i. e.
industrial engineering, time study , work measurenent or nethods) are enployed,

and it is their major task to see that the nost effective working nethods are
bei ng used.

It is only reasonable to expect that all production supervisors want to have a
good understanding of what effective working nethods are and how to recognize
them Effective nethods contribute to higher profits and a profitable conmpany
is in a better position to increase wages or to offer greater benefits or oppor-
tunity es than a nonprofitable conpany.

Met hods inprovement is largely a matter of systematic application of sound
practical common sense. One may say that it is common sense systematically
applied. There are a large nunber of highly specialized nethods inprovenent
techni ques available today. A thorough description of each technique applicable
to shipbuilding will be covered in this course; however, at this tine we wll|

confine ourselves to the nost generally applied principles of nethods inprove-
ment .

The nost inportant single asset to success wth nethods inprovenent is mental
attitude. A desire to ask questions and to be “downright curious” often |eads
to a sizable methods inprovenent. A healthy curiosity is sonetimes far nore
val uabl e in connecticon with methods study than a thorough know edge of the job
When a person has achieved a good working know edge of the job, there is a ten-
dency to feel that the best methods have been attained and that additional
methods work is not necessary. This is not true. [If the attitude that “no

i mprovenent can be nade" is prevalent, nobody will try to nake any inprovement.
Thus, the possibility of a better method may die on the spot.

A slogan used by many industrial engineers is: "Wth sufficient study, any
nethod can be inproved. ™ of course, practical limtations prevent a method from
being inproved to the point of perfection. Froma theoretical standpoint,
however, nethods inprovement can never be conplete as long as the operation

itself exists. It is better to call a nethods inprovenent “ the best nethod yet
devised. "
Later, you will learn how to apply various techniques for inproving methods

You will also learn about the Laws of Mtion Econony and how they work
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The Laws of Mtion Econony were devel oped by Frank and Lillian G| breth,
pioneers in the field of scientific management. Frank G| breth became
interested in inproving nmethods when, on his first day as a bricklayer’s appren -
tice, he discovered a large variety of different methods used for the sinple
task of laying a brick.

If one of the oldest trades known to man could be inproved, then, with suf -
ficient study, any nmethod could be inproved. As long as ingenuity and fresh
viewpints are brought into play, nethods inprovenent can theoretically continu~
ad infinitum It is inportant for persons to have the attitude that methods
inprovement is a continuing practice. It will not only make it far nore likely
that they find a better way of doing the job, but their optimsmcan change the
attitude of others as well.

It has been noted several times that methods inprovenents are a continuing pro-
cess so long as the operation exists. It should be noted that the ultimte
methods inprovenent is to conpletely elimnate an operation, piece of material,
use of land, whatever. An exanple of this is “landing” material on a “block”
before erection; thus elimnating the material handling operation of lifting
that material with a crane. Geat care should always & exercised to ensure
that you have increased the overall productivity and not just reduced effort in
one area while increasing it in another area. The ultimate snafu is to have
reduced one man-day of effort in one area while increasing the job to two man-
days of effort in another area
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METHODS ENG NEERING TECHNI QUE S

Met hods engi neering enbraces several techniques but, in particular, method study
and work neasurenent.

Met hod study is the systematic recording and critical exam nation of existing and
proposed ways of doing work, as a neans of developing and applying easier and
nmore effective methods and reducing costs

Work measurenent is the application of technique designed to establish the tine
for a qualified worker to carry out a specified job at a defined |evel of per-
f or mance.

Method study and work measurenent are, therefore, closely linked. Method study
s concerned with the reduction of work content of a job or operation, while
work neasurenent is mostly concerned with the investigation and reduction of any
ineffective time and with the subsequent establishment of time standards for
the operation when carried out in the inproved fashion, as determned by method
study. The relationship of nmethod study to work measurement is shown in a

foll owi ng diagram (See page 12. )

Method study will be dealt with in detail in the remainder of this workshop
The subject of work measurenent will be discussed here very briefly so that you
gain a general understanding of the subject.

Work measurenent, as the name suggests, provides nmanagenent with a neans of
measuring the tine taken in the performance of an operation or a series of
operations in such a way that ineffective time is shown up and can be separated
fromeffective time. In this way its existence, nature, and extent become known
where previously they were concealed within the total. Once the existence of
ineffective time has been revealed and the reasons for it tracked down, steps
can usually be taken to reduce it.

Work measurement has another role to play. Not only can it reveal the existence
of inffective time; it can also be used to set standard tine for carrying out
the work so that, if any ineffective time does creep in later, it will inme-
diately be shown up as an excess, over the standard tinme and will thus be brought
to the attention of managenent.

Work measurement is nore likely to show up the management itself rather than the
poor behavior of workers. Because of this, it is apt to neet with far greater
resistance then method study. Nevertheless, if the efficient operation of the
yard as a whole is being sought, the application of work neasurement, properly
carried out, is one of the best means of achieving it.

-10-
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The basic procedure of work measurement is as follows:

Select the work to be studied.

Record all the relevant data relating to the circumstances in which the wor
is being done, the methods and the elements of activity in them.

Examine the recorded data and the detailed breakdown critically to ensure
that the most effective method and motions are being used.

Measure the quantity of work involved in each element, in terms of time,
using the appropriate work measurement techniques.

Compile the standard time for operation, which should include time allowan
for personal, fatigue, and delays.

pefine precisely the series of activities and method of operation for whicl
the time has been compiled.

-11-
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METHODS ENG NEERI NG _TERMS AND DEFI NI TI ONS

A delay which is under the control and responsibility of th

wor ker .

. An el ement whose work content and normal tine do not vary
significantly although some other aspect of the job changes

. Alisting of work elenents with individual descriptions
and/or calculaticns for each; the separation of a work cycle.

The amount of work that managenment expects daily from an
enpl oyee.  Expected attainnent.

. An adjustnment to normal tine to conpensate for |oss of pro-
ducticn time due to the operator resting.

. A graphic, symbolic representation of work perfornmed on a
product as it passes through some or all of the stages of production.

. Work that is not readily chargeable to or identifiable with
a specific product or service.

. The design, inprovement, and installation of integrated
systems of people, materials, ad equipment, draw ng upon socialized
know edge and skill to specify, predict, and evaluate the results to be
obtained from such systens.

. An adjustment to standard time to conpensate for idle
machine time when the work cycles of the operator and two or nore nachines dc
not coincide.

. A sumary of essential activities of ajob abstracted from
job analysis and used in the classification of a job

. A plot of productive output as a function of time where the
time per unit will usually decrease as the worker becones proficient in work
per f or mance.

. Average daywork performance under conditions of little
supervisory control. COften taken to be 831/2% of normal task.

. A collection of analysis techniques that focus attention or

improving the effectiveness of people and machines, including the design of
controls. “Common sense systematically applied. ”

. Use of the basic principles of the mariner in which body
nmotions are performed to sinplify and reduce work content.

- 13-
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. A graphical set of lines or curves representing equations

arranged so that a solution can be obtained by connecting points represen-
tative of independent variables.

. The manual working pace that requires normal effort to per-

form

. A study that enconpasses all procedures concerning design,

operaticn purpose, inspectiom requirenents, materials, material hardling,
setup, tools, working conditions, and nethods

. A graphic and synbolic representation of the conplete

sequence of producing a product showi ng the operations and inspections per-
formed.

. The planning of plant structure, service facilities, and

production facilities.

"Managenment based on neasurenment plus control. " F. W

Tayl or

. A formula for determning the normal tinme or standard time

of a task as a functicn of one or nore variables in the task.

. A delay which is outside the control or responsibility of

the worker

. A work neasurement technique consisting of intermttent,

i nst ant aneous observations of work activity or delays.

. I'nprovement in work nethods initiated and devel oped on the

job as a result of nethods training and/or incentives

-14-
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OBJECTI VES OF METHOD STUDY

Method study is the systematic recording and critical exanination of existing and
propoed ways of doing work, as a neans of developing and applying easier and
nmore effective methods and reducing costs.

The objectives of nethod study are:
The inprovenent of processes and procedures

The inprovement of yard, shop, and workplace |ayout and of the design of
plant and equi pnent

Econony in human effort and the reduction of unnecessary fatigue

| nprovenent in the use of materials, machines, and manpower

The devel opment of a better physical working environnent.
There are a number of nethod study techniques suitable for tackling problens on
all scales fromthe layout of a conplete shipyard to the smallest novement of

workers on a repetitive job. In every case, however, the nethod of procedure is
basically the sane and must be carefully followed. There are no shortcuts.

-15-



Work Measurement
and Methods

294.12

This aspect of industrial engineering — WORK MEA-
SUREMENT AND METHODS — is historically the basic
field. Taylor's original interest was an attempt at answer-
ing the fundamental question: “WHAT ISA FAIR DAY'S
WORK?” (See INTRODUCTION, Industrial Engineering
Field.) Although a good part of Taylor's work was as-
sociated with stopwatch studies, it remained for the Gil-
breths to search for THE ONE BEST WAY. For many
years there was a schism, then finally a combination of
Motion and Time Study, which dominated the IE field. It
was from these pioneers that the field was expanded into
the psychology of the worker as well as the physiology of
her/his performance, into the measurement of the task as
well as the methods of performing it.

The TERMINOLOGY in this section contains several
hundreds of terms of interest to the worker as well as the
manager, and should prove of value not only in measuring
performance but also in paying for it. Although the terms
in this section represent a revision of the 1972 794.12

edition, it would not be amiss to point out that Dr. Williams’
earliest contributions appear in the INDUSTRIAL EN-
GINEERING TERMINOLOGY, which appeared in the

JOURNAL OF INDUSTRIAL ENGINEERING, (AIlIE,
November - December, 1965).

The present subcommittee consisted of the following:
W. Bruce Ballantine
Westinghouse Electric Corporation
Franklin H. Bayha, P.E.
Professional Engineer
Mitchell Fein, P.E.
Mitchell Fein Inc.
Bertram Gottlieb, P.E.
Gottlieb and Associates
Dr. Chartes M. Overby, P.E.
Ohio University
Dr. Robert L. Williams, Chairman
Professor and Chairman, Industrial and Systems En-
gineering, Ohio University



abnormal reading, See abnormal tine.

abnormal time, A time value which is outside of statistical or
policy variance limts. Syn: abnormal reading.

accumul ative t|mn?, Anuitiple (usually three) stopuatch
techmgue for Time study in which a”nechanical ||nkaPe
pressed at successive cycle breakpornts instantaneously
stops, starts, ahnd resets the IJ\dIVI dual watches so that
respectively, they na*l be: read for recording the |atest
el erent {ime, t,|mn[q the element currently berng observed,
and ready to time the next el ement.

activity sanpling, See work sanpling.
actual hours, See actual tine,

actual time, The unadjusted time for the accomplishment of a
defineq task or task elenent as obtained by & timng device.
Syn: observed tine.

allovence, (1) Wérk neasurement a fime value or percentage
of time by which the normal fine Is increased, o the armynt
o non-productive {|me applied, to compensate for Justiti-
able causes or policy requirements which nec%smate per-
tormance time not directly measured for each element or
task. Usually includes: |rrePu|ar elements, 1ncentive oF-
portunity on machine controfled time, minor unavoidable
Oelays, rest time to qvercom fatigue, and time for personal
needs. Di mensional : the” m nimum clearance or
maxi mum I nterference distance between two Interpene-
trated objects. (See training allowance. )

allowed hours, See standard hour, allowed tinme.

allowed tine, Anormal time value increased by an appropriate
all ovence(s). (See standard time.)

assignabl ¢ cause, A source of variation in a process which can
be rsolated, especially when 1ts siomificantly larger mg-
ntude or different orjgin readily distinguishes it from ran-

dom causes of vari ation.

auxiliary process tine, The tipe re&%ured for esaenual

suppl ementary process operations which assure the con-
tinuity and completion of the principal process operations.
Such auxiliary operations as debumg. straightening.
cleaning. and finiShing usually result ™o rel aﬂv_ely. M nor
changes in the. apgearan,ce of ,thsmal charact grls icS oA
the Workpiece in comparison with the effects due to suc
principal operations as cutting. formng. welding, casting.

and assenl .

available mchine time, The portion of & tipe cycle durin
which a machine could bep perforrr?ng usef ul \ank. !

availabl e process time, The portion of a time cycle during which
a grocess agent or system could be acting usefully on the

product

averaF_e cycle time, (1) The sum of observed or actual work
|n%s, exclu%n abnormal fimes, divided b% the nunber of
such cycl e observati ons. 2? The sum of the average ele-
ment tinmes. (See average elenment tine.)

(
average element time, The sumof a series of observed %r
actual element times, excluding abnormal times, divided by
the nunber of such el enent observations. ?See average

cycle time.)
average time, See average cycle time, average element tine.

avoidabl e delay, Alinme delay not allowed in standard time
cal cul ations because it i$ unneces.sa.ry. and is due to factors
under worker control and responsibifity.

bal anc%, (1) The act of distributing the work elements betue
the two hands performng an operation or between t
different operations in a process to achieve essential
equal .perf?rmance tnreks amin%et gem .(ZJ .The state 0
aﬁplroxmatey equal vorking tive arstribution among t
various components of an operation or process, e.g., t
stations on an assenoly Iine.

bal anced motion pattern, (1) The sequence of concurrent arm
and hand movements over symmetrical paths that produce
agé)r,om tely etwal moment UP between the arms in qi-
rections whicl faclitate mscular equiliorium g2) A series
of ‘movements with both hands |nv%| ving negligible delay on
Idle time for either hand while the other Tsvorking.

balancing delay, (1) The idle time of one hand in an operation
dueto imperfect balancing. (2) The rdle tinme 0\ one or ore
operations In a series due to Inperfect balancing (See
balance.) Syn: balance delay.

ballistic mvenent, A motion of a body extremty with relatively
simple nuscl e action that i s rapid, smoth,”and flow ng from
start to finish. Such action, results when a pr.ota%qm stic
miscl e grouE causes motion in the Intended direction to
attain q P_ea force and velocity, which refards to zero as an
antagoni stic muscle group changes the directjon or causes
mtion to cea[fe., Thi's Eequ,entj al myscle action contrasts
wih that pro umnE nonpalistic motion, in which the pro-
tagoni stic and an aPomstw muscle groups act concurrent!y
10 preci sely control the force éind velocity of moverent
Hstorrcally,” the termis associated with the simlarity of the
motion plot™to projectile trajectory plots.

bank, See float.
basic division of work, See therblig.

basic element, See elemental notion.

basi ¢ motion, A human motion %Io,sely related to primry -

Physmloqmal and/or i ¢-mechani cal” performance. capabi |
1es of the body or its rrerf%ers (e.0,, atherbhg,or o
standard motion defined wthin a predetermned time sy
tem. Compare: elemental notion.

benchmark, A standard of measurement with enough charac-
’enﬁf,ms comon to tpe Inaivi dual upits of a population to
acilitate economcal comparison of attributes for units
selected froma sanple. Benchmarks may be used for job
eval Haﬂon, perforraﬂnge ratdln . establ1shing operational
standards, standard data development. cost estimating,
and other purposes. (See benchmark job, key job.)

benchmark job, A job with enough characteristics comon to
other jobs. |udged acceptable as a ?auge for those other
j0bs wthout “thelr direct measurement for tme standards.
| ob eval uations. or other purposes. (See benchmark. )

breakpoint, A point in a work cycle readily distinguished by sight

pand/ 0( s%und which is sgl ected asyt%e bogundar_y_by_etwegen
two el enents for time ,recordln? or element dafinitron in
motion study. Syn: reading point: endpoint.

bui | di nr(\; bl ock, An apg)roach used in stavdard date&dﬁvel oP-
meft of creating fixed groups or mE)du es of work el ements
wlﬁlch my Dbe added togeth,er to obtain time values for
elements “and entire oparatlons.
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camera study, See micromotion study, memomotion study.

changeover tine, The tine required to modif p [pr replace an
exrstrngtacrlr Kor yorkpl'ace, usual Iy incl uding bothtear
time for the exrstrng condr lon“and set up of the new

co naition. (See setup, t

check study, A partial or co Iee revrew ot a ob or operation to
eval dlate t[ne validity QP a standard J p

chronocgcleg aph technique, A nodr i ca tr ot the cycleg aph
echni que to perm " the comut aton t tion vplocr r%
and accel erations from the s acrng ot | Lgnt signals on t
m Whose Shapes rndr cate the airection”of novenent, pro-
duped b gulsrnctp the |1ghts on and ot al regular time inter-
see CyClegraph ™ techni que. )

hronol ogi cal study, A detailed sitxty and recordi a Se-
: Iq %ce %t )eventsArn the order otl yoccurrences ?%ee produc-
Ion suy

codi np (1) Translation of a data processi np machi ne program
romdescrr ptive, symolic, or dragram orminto mchine
anguagle codez (pr rnto an explrcr synhplrc Ianguage that
may retrans ated directl yrnonachrne anguage by means
ot an asseanY rogram of compiler, ( errrng nunpers
toaconvenren ori in and/or scale for ease of conput at on.
?%nr”g a numer|cal and/or al phabet %cal n’ool or
p s t0 a class or variable to achieve onsrstent
rd rtrcatron [ocat | on, or rntep]etatron A desirabl e prop-
erty of such symol ogy IS the memonic, or nemory-
m%gr nﬂdechanégrt“err]rstrc 0 promte efficient association of

conbi ned motions, Two or nore nonconsecutrve el enent al
ot ong performed during the same time interval by the
same body menber,

conbined work, (1) The production of a person worki nd Wit

ane or nore mchines In which the output IS controlTed b

the opera Incal cul atrngastandard the machine portio

fthe work crpc e 1S not taken into account. (2) The tofa
acconplrshne fa group of workers.

consi st ency, “The absence of noticeable or si gnrtrcpnt vari g-
tionin benavioral or nunerrcal data as, for examle, in the
work pace or et hod usg by a rker (2) Uniformty or
agreement, within stated limts, between repetitive occur-
rénces of an event or a numer rcal val ue.

constant element, Ajob or task el enent whi ch occurs without
significant 'variaiion in work content andlor performance
{1 e, Nay be psed 10 describe el enents nrthrn a given
operation or elenents comon to different operations.

continuous nethod, See continuous timng.
continuous reading, See continuous timing.

continuous t rmng ﬁ} st ohpna chh 4 cttplnr qute drn nt(rjrch dhe gna;rcg
runs cont | ndous e study ap
He o? ttre cum}( a|ve ?rne at the ent/t of eacﬁ et]%nent
| ndivi dual element times are then obtai ne(p by subtraction.
Syn: continuous method, continuous reading.

control system A systemthat has as It iprrna y function the
collec tion and analysis of feed ?c romé given set of
untrons Lo thep pose%t cont IrnpJ he/unctrons Con-
nd ment nonr (F stenmti-

cal difyi ng parane s or polrcr es used in those tunc-

trons o eparing control reports that initiate useful
action wit Ry gspc og srgnrtrcantpdevr ations and exceptl ons,

h
/
N
tal

coverage, actual, The nunber of jobs, the nurber of personne,
o th etotal hour s Wh ch ape covered bé standards durin hF
repor ing perrod. Commonly expressed as a percentage o
tCt(r)r\ele a8|e nunber of jobs, pérsonnel, or hours. Sym: standard

coverage, potential, es imte of the number of jobs, the
gnberp of personnl, or the total hours n/nrch caln %e cov-
ered by time st andards du rnp the report rn(_p period, Com
mnly expressed as a percentage of ‘the total nunber of
jobs,” personnel, or hours.

coverage, standard, See actual coverage.

cycle, The complete sequence of actrvrtres opera jons, and
MaChi ne. or process tines re%urre to conplete one seg-
ment, unit, or batch of vwork. (See motion cycle, work cycle.

cycle timng, Tining a complete work cycle as a single tine
/ vedue g W’rar?trmngnpheern\dpvrduay elenenso? He cycle.

(See drtterentra timng.)

cycle ram Simlar t | egr aph excegt that the film being
xose rsnove o y"to one side so fhat retraced m-
rons are shown side by side on the filmrather than
superinposed on earlier” motions.

| h, Th [ oped by the cycl h tech-
cye eng a Seg Eyclegrap evel o |equey e cyclegraph tec

cyclegraph t echnr que, The use of small fights on the hands or
other body nenbg(? {0 rndrpp their. notr(p patéerns ﬁ
Irghts are recorded by a still camera in a darkened room wit

an exposure time equal to at [east one mtion cycle.

cyclic el ement An elenent of an operatron or process that
occurs 1 every cycle of the operation or process.

cyclic timng, See cycle timing.

dayvork, Vbrk for which pay is based on time as contrasted to
pay based on performmnce.

deci mal - hour stopnatch At mng device wth two hands
0s¢ mvenent may e started” stopped, or reset to zero
by depressing control buttons on_the pg ter of the vatch
case Asnall dal rs calrbrated rn hundredths of an hour and
a ar% dial is calibrated int gthHsandt,rs of an hp
e time interval may be read in decrmal hours to four
decrna pl aces.

deci nal mnut e stopwat%h Atining device with two hands
Whose movement may e started, stopped 0r reset 10 zero
Zdepressrpgdp ptro “ons gn the(p erimeter of the natch
% rated in whole mnutes and arge

ra| s carbrabed In hundredths of a mnute. Thy s, t(pe I
r|nerva my e read In decrnal mnutes to two deci mal

ol aces

delay, A pause or interruption in the scheduled work act rvrtp of

e hyman, machi ne, or product tlow tJSee avol dable de ay,
unavor dable delay, rnherent delay.) Syn: rnterruption,
st oppage.

dalay allonance tl) A tine increment to allowtor contrngencres
(p ay beyond the control of heoerator %
rnclue rna ine sta ndr asa cent
productrve im. (2) Ase araecredr rntr or noney)
conpensate the o erator on i ncent rve or a specific rn
tance of dele% nt povered by the piece rate or standard.
fSee unavol dabl e del ay allovrance)D
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delay tine, A period during which an enployee is idle due to
breakdown of equipment, lack of tools or materials, or any
other factor beyond personal control. (See downtine, idle-
tine.)

diagnostic study, A brief investigation or cursory methods study
of an operation, process, group, or individual to discover
causes of operational difficulties or problens for which
nore detailed remedial studies may be feasible. An appro-
priate work neasurenent technique nmay be used to
eval uate alternatives or to locate msjor areas requiring
i nprovement. Syn: survey.

differentiat timing, The time study technique used to obtain the
time value of an element of extremely short duration. It
consists of: (1) obtaining cycle values, first including and
then excluding the element for which the tine is required,
and obtaining the required elenent time by subtraction:
(2) timng the elenent by combining it with preceding
and/or following elenents in successive cycles and then
obtaining the time for the short elenent by subtraction.

direct labor, (1) Wrk which is readily chargeable to or identifi-
able with a specific product. (2) Wrk perforned on a prod-
uct or service that advances the product or service towards
its conpletion or objectives.

direct labor standard, A standard time set on a direct |abor
operation. (See direct labor.)

di scontinuous timng, See repetitive timng.

division of labor, The separation of jobs or tasks into |ess
conplex jobs or tasks usually to allow use of workers pos-
sessing less skill than that required by the overall job or
task, or to make use of special skills. Syn: division of work.

downgrade, (1) The lowering of a particular job in scope, au-
thority, responsibility, degree of difficulty, etc., with a possi-
ble reduction in wage or salary. (2) Dilution of skills required
for the task. (See division of Iabor.)

downtine, A period of time during which an operation is halted
due to the lack of matarials, a machinery breakdown. or the
like. (See downtime, Applied Mathamatics, Applied Psy-
chol ogy. Production Planning and Control.)

drop delivery, (1) The novenent of a conponent or object to
sone location where it is nerely let go rather than being
placed where it is to go. (2) Provisions in a workplace for
disposal of objects by dropping.

earned hours, The time in standard hours credited to a worker or
a group of workers as a result of their conpletion of a given
task or group of tasks; usually calculated by summing the
mul tiproduct of applicable standard tinmes and the com
pleted work units.

effectiveness, (1) The ratio of earned hours to actual hours
spent on prescribed tasks. \hen earned hours equal actual
hours, the effectiveness equals 100% (2) The ratio of stan-
dard. estimted, or budgeted performance to actual per-
formance expressed as a percentage. (3) The performance
or output received froman approach or program Ideally it 1s
a quantitative neasure which can be used to evaluate the
level of performance in relation to sone standard, set of
criteria, or end objective. (See efficiency, labor.)

efficiency, labor, (1) The ratio of standard performance tine to
actual performance tine, usually expressed as a percent-
age. (2) The ratio of actual performance nunbers (e.g., the

number of pieces) to standard performance nunbers, usu-
ally expressed as a percentage. (See productivity.)

effort, The apparent physical and nental exertion exhibited by
the worker while performng a segnent of work.

effort controlled cycle, See manually controlled work.

effort rating, See performance rating.

elapsed time, (1) The actual time taken by a producing worker
or machine to conmplete a task, an operation, or an elenment
of an operation. (2) The total time interval fromthe begin-
ning to the end of a time study. (See actual tinme.)

el ement, A subdivision of the work cycle composed of one or a
sequance of several basic notions and/or machine or pro-
cess activities which i1sdistinct describable, and neasur-
able. (See manual elenent, machine-controlled tineg,)

el enent breakdown, (1) The separation of a work cycle into two
or nore elenents. (2) A listing of work elenents with indi-
vidual descriptions and/or calculations for each.

element time, The time to performa given elenent. My refer to
the observed (raw), average, salected, normal or standard
time.

el emental motion, individual manual notions or sinple notion
conbinations used to describe the sensory-notor activity in
an operation. CGenerally refers to the nore basic and
elementary therbligs. An attenpt often is made to define
these precisely with associated time values. Typical ele-
nental motions are: reach, nove, assenble, pre-position,
turn.

elenental standard data, (1) Standard data. (2) A tine value of
an individual element in a standard data system

endpoi nt, See breakpoint.

engi neered performance standard, See standard tine.
engi neered standard, See standard tine.
engineered tinme standard, See standard tinme.

ergononics, The study of work tasks with enphasis on reduc-
ing to a practical mninum the physiological cost of doing
the work. (See work design, nethods engineering motion
anal ysis, notion econony.)

ergononetrics, See ergonomcs, work measurenent.

estimated time, An element or operation time that has been
predicted on the basis of such information as may be avail-
able without detailed study.

excess work allowance, An allowance to conpensate for work
required to be performed on an operation or job in addition
to that specified in the standard nmethod. Sonetines
applied as a separate grant of tine eras a grant of noney in
a piece-work system (See allowance.)

expected attainment, See fair day's work.

expected work pace, (1) The work pace necessary for an
operator to maintain in order to achieve a specified level of
earnings under an incentive system (2) The work pace

required to meet non-incentive production standards.
Sea external work.

external elenent,

external work, Any elenent of an operation which nust be



erformed by the operator while the machine or process is
not | operation and which results in ﬁ loss of potenti al
machine o process operating time. The term “external
Implies that the element ocCurs outside the machine or

process  cycle.

fair day's work, The amunt of work which is expected daily
froman enployee. My be established solely by manage:
ment or throu%h mittal agreement. May or may not e
estahlished tArough the yse of various measurement
tte,chrr}letr]#es. (See normal performance.) Syn: expected at-
al nment.

fatigue, A psychological and physiological process that reduces
the performance capacity and motivation of humans sub-
Jected to excessive or repeated work stresses.

fatigue allowance, Time included in the production, standard to
allow for rest to overcome the effe%ts of ‘atlgue. y be
applied either as a percentage of the leveled, ™ normal, or
ad|usted time or as a ?tate nunber of - nonproduct i ve i -
utes per hour. (See alovance, standard time.)

filmanalysis, A systemtic, detailed analysis of work froma
mtion picture f1im Usual [y related to mocromtion or
rrter(rjnrr)nnon study. (See mcronotion study, memonotion
study.

film analyajs chart, For recording a filmanalysis. CGenerally

recor ds eatchh st)ucpe55| ve éal er(rjent al Tﬁt | on,(_efl ene|nt ) of
operat I on, the beginning and ending dock time (if a clock s
|Rcluéeff|n the chture’}g o fram Ru el an”(?ns_ gescnpnye
synbold. (See simo chart, therblig chart.) Syn: filmanalysis
record.

filmanalysis record, See film analysis chart.

films, rating, Mbtion picture film containing a consistent or
random sequence of work scenes being done at varyin
performance |evels, used to train work neasuremen
aPaly%ts in |dent|fg| ng different Perfornance levels. My
al 50" be used to attemt to standardize the concept of nor-
mel performance, such-as in card dealing, valking, or typi-
cal shop  operations.

first pigce tifrre, The |allowed tir]etto rodtuce the firsit pfiecedirﬂ an
order of several pieces. |ntenged to compensate for delgys
resulting ?ro,m un?am?larlty wt% t%e v%prek nethog, or %r
extra first prece work such’as setup.

fixture, A device used to position and hold materials which are
being worked upon or assenbl ed.

float, (1) The amunt of mterial in a systemor process, ai a
given point in time that is not being directly employed or
w?rked upon. ggg The total cushion or slack 1na network
planning system Syn:

Do

bank.

flow analysis, Detailed exanination of the progressive travel,
elther of Personnel or mterial, fromplace to place and/or
from operation to operation.

flowchart, Tabular material, standardized synbols, and expla-
nations depicting the predetermined route of either E,erson-
nel or mterial, from place to place andlor from operation tg
operfmon In the manufacturing or processing sequence of
events.

flow diagram A representation of the location of activities or
operations and the flow of materials between activities on a

pictorial layout of a process. Usually used with a flow pro-
Cess chart.

flow ling, (1) The direction taken either by personnel or material
as they prfogresst throztighﬂ} he r{ahnuf|act uri ng hor proces|3| ng

n gvents. he ong which personnel o

f?rgﬁgrei gle t?avel |nn pro%resa g Ft)ﬁrougah tqwge Vﬁfam. p&/n: Wne o[

[ ow

flow path, The route taken and/or space occupied by the per-
sonnel, material  subassenbly, or assenbly as these pro-
gress through the manufacturing process.

f1ow process chart, A graphic, synbolic representation of the
worksperfor d on to be Perforﬂed on a product as it
;%asse through some or ail of the stages of a process.
prmally, the” Informtion included in the chart is Quantity,
I'stance moved, type of work done (by symbol with expla-
nation), and equipnent used. Work times my also be
incl uded. Flow process chart synbol s general Iy used are:

ASME*

Standard

als, operation: a subdivision of a process that changes or
modifies a part, material or product, and IS done
essentially at one workplace [ocation.

A specialized application for paperwork uses two
standard  synbol's:

creation of a record or se tof papers
addition of informtion to a record or set of papers

fully transportation (move): changg inJocation of a person,
gﬁrott,herrmtenal, o product from one workplace to

inspection: comparison of observed quality or quantit
: of producqpvu'th a quality or (?uantityy sta%dard. /

storage: keeping a Product, material, or part protected
against Unauthori zed removal.

delay: an event which occurs when an object or per-
son vaits for the next planned action.

conbi ned activity: adAustnent during testing, e.9.,
woul d_ conbine the separate operation and in-
spection synbol s.

“See ASME Standard 101
n: flhowt chart, production process chart, product analysis
chart.

iical

techn
iplete
'ery ¢

foreign element, An element with a random uysually unpredic-
able, frequency of occurrence, not part of a nofmal method.

form process chart, A graphic, symbolic representation of the
process flow of paperwork forms. Simlar to a flow process
chart except that ‘the item of interest is one or more forms, A
form process chart may show or?amzanons, operati ons,
NOVeNent s, temporary ?nd control Ted storages, |nspect|%n
or verification, dispasal of all forms charted, as vell” as the
s?urce and typ% of mforraﬂon Lrans tteg be[WEFP forpe.
Fl ow process chart symbols may be adapted to reflect the
formprocessing activity. Syrr: information process analysis
chart, functional forms analysis, forms analysis chart.

frame counter, A mechanical counter which can be used to



determine the nunper of frames that have passed a pre-
determned point In a motjon picture. The frame counter
my be attached to any device for Showng or view ng
mofion pictures.

frequenc%, (1) The number of times a specified value occurs

wthin a samle of several measurements of the same
di mensi on or charact eri stics on s?ver,al similar itens. (22 In
Work measurement, the number of times an element occurs
during an operation cycle.

furble, An unintentional human activity referred to a% a
sensory-motor error that may or may not be avoidable
depen%ﬂ ng upon the working environment “or the skill of the
operator.

gang chart, See multiple activity process chart.

Gantt chart, A graphic representation op a tine scale of the
current relgatlponshl_ppgetmeen_ act uap and rﬁanned perfor-
mance. (See Production Planning and Control.)

Glbreth basic element, See therblig.

ravity feed The principle of using the force of gravity to conve
g %aterials frgm onep | ocat i on ?0 anot her by h%w g ythem shdg
or roll downward and laterally.

hand tine, The tine required to p?rfo,rma manual el enent. (See
mnual el ement.) ‘Syn: manual tine.

handling tine, The time required to move parts or mterials to or
from an operation or work area.

high task, Performance of an average experienced gperat or
vorking at an efficient pace, over an elght-hour day under
Incentive conditions, without undue or clmulative fatigue.
ten sta\ed as a percentage above normal performance.

See norml effort, Iowtask.% yn: Incentive Bace.

historical time, See standard time, statistical.
human engineering, See human factors engineering.

human factors engineering, A nerging of those brﬁnches of
engl neering and the "behavi oral %u ences whi ch concern
themsel ves principally wth the human component in the
design and operation of human-machine s%/stems. Based
on a fun?anent al . know gdge and study of human physical
and mental abilities and enotronal characteristics.

idle mchine time, See machine idle tine.

idle tine, Time during which a worker is not working,
avoi dabl e delays, unavoi dabl e delays, vaiting time.)

incentive pace, See high task.

i ncentjve operators (1% Enpl oyees whose pay is deternined
all o {npart by the quantity and/or quality of output.
(2) Enployees working under & wage Incentive plan.

t

[ncidental elenent, See irregular element.

indirect labor, Labor which does not add to the value of a
product but which must be perforned to support 1ts map-
ufagture. Nhg not be read Idy |den\|LlabIe W th a specific
product or Sérvice. (See Indirect [anor standard.

indirect labor standard, (1) An established standard of time for
| abor performed while re_ndenng SerVices necessary to pro-
duction, the cost of which carnot be assessed against any

(See

rt, produgt, or group of parts or products accurately or
\[/)mat%ouE unque effogrt, gn(? efpense. ( Astan.arg tt|neyfor
Indirect [abor. (See indirect [abor, ‘standard time.)

Industrial engineer, A ?erson qualified to practice industrial
engi neering as defined by the Institute of Industrial

Engi neerss.

i ndustrial engi neerin?, Concerned with the design, improve-
nent,,:ﬁn instal Fation of Integrated system of eoPIF,
mterials It draws uPon specl al -

, equi prent, . an ,ener%
zed knowl edge and skill's int
and social Sciences together
methods of engi neennP anal ysi s and de5|?n,, to specify
predict, and evaluate the results to be obfained from such
systems. (Cficial definition of the Institute of Industrial
ngi neers. )

inherent delay, See delay tine.

instructjon card or sheet, Awritten description provided to a
}A_orLetr w@ch sé ates the standard met LOB or sP andarg rac-
Ice to he used.

interference allowance, An allowance to conpensate for in-
terference time, (See interference tine.)

interference time, Idle machine tine resulting fromthe inability
of a machine operator, when assigned to two or more
semi-aut omat | ¢ machines, to serve one or more of them
when they require service. (]See Mchi ne Interference.

intermttent elenent, See irregular element, regular elenent.
internal elenent, See internal work.

internal work, Manual work performed by an operator while the
MRChing or process IS operating automatically. Syn: fill up
work, 1nside work.

irreqular element, An element which occurs randonty and
e statistically deternned.

Jig, (1) A mechanical device used to quide a cutti

e mathematical, physical,
wi?% the pr?nu%l%s,and

cutting tool along a
RS e
holdkpparts inp;?ositfon Pe.g., me?d%ng'jig, alrfram jigBJ.

job, (1) The combination of tasks, dutjes, and responsibilities
assigned to an enployee and usual ly considered as a nor-
mel Or regular assignment. (2) The contents of a work order.

job analysis, Determnation of the requirempnts of a job through
detailed observatjon and evaluation of the work  performed,
factlities required, conditions of work, and the qualifications
required of a worker. Syn: job study.

job breakdown, The systematic division of an operation into

elements, or the results of such an analysis. Syn: operation
br eakdown.

job characteristic, See job factor,

job design, See work design.

job factor, (1? An el ement characteristic of a job which provides
a basis for sel ectlnF and training vorkers and ,estagl|sh| ng
the vw?ge r%nge for Pe Job., Such characteristics Includé
mental” and “physical fequirements, resgon5|b|l|t|es,
hazards, and ofher working conditions. (2) Awﬂredeter-
mned ¢l enent of a job eval'uatlon P,l an agai nst whi ch | obs
are conpared. Syn: job characteristic.

can



job skill, The manual and mental proficiency required to perform
a given task. Syn: skill.

job standardization, The J)rocedure of specifying a standard
practice or a standard method for a job.

job study, See job analysis.

key job, A job that is considered representative of similar jobs in
the sane plant, company, mdusHK, or labor market and
hence my be used for co annP the descriptions of other
jobs with the key job for job evaluation and job classification
Purposes. My also be used as an aid in establishing wages
or other jobs.

kymograph, An electronic tine stud¥ device used to measure
extremely short work time intervals. Consists of a system of
transducers (principally mcro-switches and photoelectric
cells) that are activated by an operator performing a job,
and a tape puller that records the impulses as a function of
tine.

labor cost, That part of a firms total costs attributable to wages,
salaries, supplementary benefits, and other enployment

costs.
labor savi ng ratio, The labor cost saved by an inproved method
divided by the unit labor cost of the original nethod.

| abor standard, See direct |abor standard, indirect |abor
standard.

learner's allowance, See training allowance.

learning curve, A plot of productive output or unit work times of
an i ndi vidual or grqu as a function of tine or output per unit
time; used to predict the learning rate in starting up a new
job or project. A learning curve is usually exponential and
flattens out with time. (See start-up curve, progress curve.)
Syn: learner's curve.

leveled element tine, See normal element tine.
leveled tine, See normal tine.

leveling, See performnce rating.

line of flow See flow line.

loose standard, A standard time greater than that re?uired by a
qualified worker with normal skill and effort, following a
prescribed nethod and utilizing allowances for delays, per-
sonal needs, and rest.

lost time, See waiting tine.

low task, A termused to indicate that performance rating or
production standards are based on daywork levels as con-
trasted to high task or incentive work performance. Some-
tines taken to mean a level of performance below the Ievel
expected under measured daywork conditions.

machi ne assignnent, (1) The equipnent assigned to an
operator in the performance of a job. (2) Equipment de-
signed to performjobs as in production scheduling.

machine attention tine, Time during which a machine operator
must observe the mchine’s functioning and be available
for immediate servicing. while not actually operating or
servicing the machine. Syn: service tine.

machine capability, Qualitative and quantitative neasures of
acceptable output froma given piece of power equipnent.

machi ne-control led time, The time portion of an operation
cycle required by a machine to complete the machine por-
tion of the work cycle. The operator does not control this
portion of the cycle tine, whether or not attending the
machine. Syn: independent nmchine, nachine-controlled
time allowance, allowance for machine-controlled tinme

machi ne el enent, See machine-controlled tine.

machine hour, A unit for measuring the availability or utilizatlon
of machines. It is equivalent to one machine working for 60
mnutes, two machines working for 30 nminutes, or an equiv-
alent conmbination of machines and working tine.

machine idle time, (1) Time during which a machine is idle
during a work cycle awaiting the conpletion of mnual
work. (2) interference tine.

machine interference, The occurrence of conflicting demands
for service by two or nmore units of equipnent.

machine load, (1) The planned usage of a unit of equipnent
during a specified interval of time. (2) The percentage of
maxi num | oad at which the machine is actually used.

maching pacing, Machine or nechanical control over the rate at
which the work progresses, as opposed to pacing by the
worker(s). (See machine-controlled tine.)

machine tinme, See nmchine-controlled tine.

machi ne tinme allowance, See machine-controlled time. al-
| owance.

macr oel ement, An element of a work cycle long enough to
pernit observation and tining by a stopwatch. (See mi-
croel enent.)

maintenance, Preventive and/or correctional activities to insure
that facilities and equipnent are functionally capable of
expected operation. As a result of these activities, equip-
ment should be in good operatin? condition (clean, free
from hazards, etc.) within specified limtations such as
those inposed by age and prior use.

man-hour, A unit of measure representing one person vorking
for one hour. The conbination of “n" people working for "’
hours produces nh man-hours. Frequent qualifications to
the definition indude: (1) designation of work effort as nor-
ml effort; (2) designation of time spent as actual hours.
(See man-minute.)

man- nechine chart, See multiple activity process chart.

mn-minute, A unit for neasuring work. It is equivalent to one
person working at normal pace for one minute, two people
working at normal pace for thirty seconds, or an equivalent
conbination of people working at normal pace for a period
of tine. (See man-hour.)

man-process chart, A graphic, synbolic representation of the
wor k stepf or activities performed or to be perforned by a
person. Typically, the information included on the chart is
the distance the person moves and type of work done (by
synbol with description). Equipnent used and work times
may also be included.

manual element, A distinct, describable, and measurable sub-
division of a work cycle or operation performed by hand or
with the use of tools, and one that is not controlled by
process or machine.



manual time, The time required to performa manual el ement.
(See menual element.) Syn: hand tinme.

manual | y-controlled work, A work cycle consisting conpletely
of manual elenents or where the manual tine controls the
pacle at which the work progresses. Syn: efforf-controlled
cycle.

marstochron, An electric motor driven paper-tape puller used to
record motion or work element times. An observer visually
detects the endpoints of successive motions or el enents
and presses one or hoth of two keys that record these
endpoints as successive marks along a time base on the
tape. Syn: chronograph, marstograph.

mexi num working area, That portion of the working area that is
easily accessible to the hands of an operator, with arms fuIIK
extended, who is in the normal working position with trun
erect and stationary.

mean tine, See average tine.

measured daywork, (1) Werk performed for a set hourly nonin-
centive wage where performance is conpared to estab-
lished production standards (nmost frequent use). (2) An
incentive plan wherein the hqurIJ/ wage is adjusted uF or
down and is guaranteed for a fixed future period (usually a
quarter) according to the average performance in the prior
period (infrequently used).

measured work, A termused to describe work, operations,
cycles, etc., on which a standard has been set using time
study or another standard setting technique.

mechani zation, The act or process of using power-driven
machinery to perform specific operations or functions usu-
ally vith the intent of improving productvity and/or quality of
the work perfornmed.

median time, That time which is greater than or equal to half of
the observed tines, excluding abnormal tines. It is also
less than or equal to the other half of the observed tines.

menonotion study, A work neasurement and nethods
anal ysi's technique using a motion picture camera that re-
cords events at less than normal camera speed, e.g., 50,
60, or 100 frames per minute. Used for the analysis of ong
events, group activities, or processes that do not move
rapidly. Syn. camera study, time-lapse photography.

mental work, Verk done principally by the nind: [ogical
deci si on-making, such as sorting, classifying, or inspecting
?rmnl.torlng): recalling (nermry?; calculation, such as per-
orming mathenatical or verbal operations and inductive
P0||cy or hypothesis formlation. The compl exH?/ may vary
romel ementary nental reactions to highly involved judg-
ments based on a large nunber of variable factors.

merit rating, A formalized system of apﬁraising empl oree per-
formance according to an established group of factors.
Usual |y the appraisal is annual or semi-annual and is by
imedi ate supervision. Factors frequently considered in-
clude quality of work, quantity of work, reliability, adaptabil-
ity, initiative, and attitude. (See Production Planning and
Control and.V\a?e and Salary Adrrinistration.} Syn: perfor-
mance appraisal, enployee rating, personnel rating.

method, (1) The procedure or sequence of notions by workers
and/or nachines used to accomplish a given operation or
work task. (2) The sequence of operations and/or pro-
cesses used to produce a given product or acconplish a

given job. (3) A specific combination of layout and working
conditions; materials, equipment, and tools; and motion
patlEerns involved in acconplishing a given operation or
task.

methods anal ysis, That part of nethods engineering normally

invol vi n% an examnation and analysis of an operation or a
work cycle broken down into its constituent parts for the
purpose of inprovenent, elinination of unnecessary steps,
and/or establishing and recording in detail a proposed
method of performance.

methods engineering, That aspect of industrial engineering
concerned with the analysis and design of work methods
and systems, including technol ogical selection of opera-
tions or processes, specification of equipment t{pe and
location, design of manual and worker-machine tasks. Ma){
include the design of controls to insure proper levels o
output, inventory, quality, and cost. (See work design, m-
tion analysis, motion econony, methods analysis.)

methods study, A systematic examination of existing methods
with the purpose of developing new or inproved nethods,
tooling, or procedures.

mcrochronometer, A large-faced electric clock with rapidy
mving hands used in mcromtion studies (within the cam
era’s view to indicate the passage of time. The clock usu-
a.IILI measures to the nearest wink, or 0.0005 mnutes. Syn:
wink counter.

mcroel ement, An element of work too short intime to allowit to
be observed with the unaided eye. (See elenental motion.)

mcronotion study, A work measurement or methods anal ysis
technique using a notion picture camera to record events at
normal (960 frames per mnute) or faster than normal cam
era speed. Used for the analysis of short, highly detailed
movenents that are too rapid for satisfactory visual obser-
vation. The camera may be driven so as to act as a tining
device for the measurement of motions or elenents, or
there may be a timing device such as a microchrononeter
inthe camera's field of view Syn: camera study.

mnimmtime, The shortest actual time recorded during a time
study for each element of work.

model time, The actual time value for an elenent or operation
that occurs more often than any other tinme val ue.

motion analysis, The study of the basic divisions of work in-
volved in the performance of a given operation for the
purpose of elimnating all useless motions and arranging
the remaining motions 1n the best sequence for performing
the operation. (See principles of motion econony.)

motion cycle, The conplete sequence of notions and activities
required to do one unit of work or to performan operation
once. (See cycle.)

moti on tlaco_norry, See principles of motion econony, notion.
anal ysis.

motion study, See notion analysis.

mJltipIhe activity oparation chart, Sea multiple activity process
chart.

miltiple activity process chart, A chart of the coordinated
synchronous or sinultaneous activities of a work system of
one or more machines and/or one or more workers. Each



machine and/or worker is shown in a separate, parallel
colum indicating their activities as related to the rest of the
work system Exanples: multiworker process chart, Gantt
chart, multiworker-machine process chart, worker-machine
process chart, worker-nultimachine process chart. Syn:
mitiple activity operation chart: mutiple activity chart.

mitiple watch tining, See accumulative tining.
nonbal listic motions, See hallistic movenent.

noncyclic element, An element of an operation or process that
does not occur every cycle of the operation or process, but
its frequency of occurrence in the operation or process is
specified by the method.

nonrepetitive, (1) Cenerally an operation or process that is
perforned for only one or a few cycles before it has to be
chan&ed.agmhcantly to adapt to new requirenents.
(2) Qdd-job production. (3) An operation that does not have
a predictable order of elements. (4) An occasional and/or
varying element, operation, or job.

nornal effort, The effort required in manual work to produce
nornal perfornance. (See normal performnce.)

nornal element tine, The selected (average, nodal, or other)
element tine adjusted by performance rating to obtain the
time required by an average qualified worker to perform a
single element of an operation while working at a normal
pace.

normal pace, The manual pace re(iuired to produce nornal
performance. (See normal performance.)

nor mal Perforrrance,. (1) The work output of a qualified
enpl oyee which 15 considered acceptable in relation to
standards and/or pay levels, which result from agreement.
with or without neasurement. by nanagenent or betueen
managenent and the workers or their representatives.
(2) An acceptabl e anount of work produced by a qualified
enpl oyee following a prescribed method under standard
conditions with an effort that does not incur cumlative
fatigue fromday to day. (See fair day's work.)

normal task, See normal performnce.

normal time, The tine required by a 1ualified worker to perform
a task at a norml pace to complete an element, cycle, or
operation using a prescribed method. (See normal perfor-
mance.) Syn: base tine, leveled tine.

nornal working area, (1) The area at the workplace which is
bounded by the arc drawn .bg the worker's fingertips moving
in the horizontal plane, with the elbowas a pivot, when the
worker is standing or seated in the normal working position
with the armclose to the body hanging in a stationary
position: the section where the right and left hands overlap
in front of the worker constitutes the normal working area for
the two hands. (2) In a vertical vﬁl ane, the space on the
surface of the Immginary sphere which would be generated
by rotat|n?1 about the worker's body as an axis, the arc
traced by the worker’s fingertips of the right or left hand
when the forearmis moved vertically about the elbow as a
pivot. (3) The space within reach of a worker's fingertips as
they develop arcs of revolutions, the elbows acting as a
pivot when the worker is standing or sitting in the normal
working position with the upper arm hanging from the
shoul der close to the body in a stationary position.

nunbering system (1) A plan for the assignment of numeric

keys to items or cases included within a given classification.
(2{ Means of identifying individual or group arrangements.

nunerical control, A systemof controlling a unit, usually a
machine tool, whereby either a binary or deciml digit sys-
temis programed to carry out machining operations
through el ectronic circuits and related activating
mechani sns.

objective rating, See performance rating.

observation, (1) In time study, the act of noting and recording
the elapsed tine taken by a worker performing an operation
or an element of an operation. (2) In motion study, the act of
noting and recording the notions used by a worker to per-
forman operation or an element of an operation. (3) In work
sampling, the act of noting and recording what a worker is
doing or what is happening in an operation at a specific
instant.

observed time, See actual tine.

occurrence ?frequency), (1) The number of tines an event
takes place, usually in a specific time period. (2) The
nunber of times an elenent occurs per cycle.

one best way, The concept that for every job there is an optinmal
work nethod that can be devel OFEd and spacified. A con-
cept originated by Frank and Lillian Glbreth.

operation, (1) Ajob or task, consisting of one or nore work
elements, usually done essentially in one location. (2) The
performance of any planned work or method associ ated
with an individual, machine, process, department, or in-
spection. (3) One or nore elements which involve one of
the fol l ow n?: the intentional changing of an object in any of
its physical or chemical characteristics: the assembly or
di sassenbly of parts or objects the preparation of an object
for another operation, transportation, inspection, or stor-
age; planning, calculating, or the giving or receiving of
information.

operations analysis, A study of an operation or series of opera-
tions involving people, equipment, and processes for the
purpose of investigating the effectiveness of sgecific oper-
ations or groups so that inprovements can be devel oped
which wll raise Eroducnvny, reduce costs, improve quality,
reduce accident hazards, and attain other desired objec-
tives.

operation breakdown, See job breakdown.
operation chart, See right and left-hand chart.

operation process chart, A graphic, symbolic representation of
the act of produci ng a product or providing a service, show
ing operations and inspections performed or to be per-
formed with their sequential relationships and materials
used. Operation and inspection time required and Ilocation
may be included.

operation time chart, See operator process chart.

operator process chart, An operation process chart describing
the work done by one operator. (See right- and left-hand
chart.) Syn: operation time chart.

operator productivity, The ratio of standard time or other per-
formance standard to the actual time or other perfornance
measure for the same task. When this ratio is equal to 1.00
?100% the operator is nmeeting standard output. (See per-
ormance index.) Syn: operator perfornance.



outlier, In a group of data, a value which is so far removed from
the rest of the distribution that its presence cannot he
reasonably explained by the random conbination of
chance causes. (See abnormal tine.)

outside work, See external work.
pace rating, See performnce rating.

Pareto’'s Law, Sometinmes called the law of the trivial mny and
the critical few A principle which states that, in most ac-
tivities. a smll fraction (commonly estimted at 20% of the
total activity creates the mejor portion (commonly estinmated
at 80% of the work, cost, profit, or other measure of inmpor-
tance. Syn: rule of 80-20 (q.v.).

performance evaluation, A critical and objective appraisal of
performance neasurement data and related information to
obtain an accurate picture of the overall status of a specific
area or persons to ascertain exceptional acconplishnents,
identify shortcomngs and their causative factors, and de-
vel op meaningful recomendations.

performance index, The ratio of a performance standard estab-
lished for a certain quantity of work to the performnce
actual Iy achieved. Wen this ratio is equal to 1.00 (100%
the worker or group is meeting standard perfornance. (See
operator productivity.)

perfornance indicator, A significant quantitative measure of
performance which provides the best perspective of total
managenent effort heing applied in an area.

performance measurenent, The assessment of acconplish-
ments in terms of historical or objective standards or
criteria. (See performance evaluation.)

performance rating, (1) The process whereby an anal yst
eval uates observed operator performance in terms of a
concept of normel performance. (2) The performance rat-
ing factor. Syn: leveling, pace rating, efforr rating, objective
rating.

performance rating factor, The nunber (usually a percentage)
representing the performance rating.

performance rating scale, A nunerical scale of ﬁerfor mance
which may or may not include defined benchmarks. For
exanmpl e, normel performance night be expressed as
100% or 60 minutes per hour. The 100% scale is the most
comon scal e used.

performance retio, See performance index.

performance sanpling, A technique for deternining the per-
formance rating factor to be applied to an operator or a
group of operators determined hy short randonty spaced
observations of the perfornmance.

performance standard, A criterion or benchmark to which ac-
tual performance is conpared.

personal allowance, An allowance to provide tine for the i)er-
sonal needs of the worker during the workday. (See allow
ance.) Syn: personal tine.

personal time, See personal allowance.

predeternined notion-time system See predetermined tine
system

predeternined time system An organized body of information,

procedures, techniques, and motion times enployed in the
study and evaluation of nanual work elenents. The s¥stem
is exp_ressed interns of the motions used, their general and
sRegl ic nature, the conditons under which they occur, and
their previously deternined performance times. Syn. pre-
determned motion tine system

predeternined time, See predetermined time system

principles of motion econony, A general listing of common
sense steps and procedures to sinplify and 1nprove the
effectiveness of mnual work.

process, (1) A planned series of actions or operations (e.g.,
mechanical, electrical, chemical, inspection, test) which
advances a mterial or procedure fromone stage of com
PI etion to another. (2) A planned and controlled treatment
hat subjects materials or procedures to the influence of one
or more types of energy (e.g., human, nechanical, electri-
cal, chemcal, thermal) for the time required to bring about
the desired reactions or results.

process chart, A graphic, symbolic representation of the
sgecn‘lc steps in a processing activity. (See flow process
chart, operation process chart, man process chart, flow
cHarE,) mitiple activity process chart, operator process
char

process chart synbols, Graphical synbols or signs used on
process charts to depict the type of events that occur during
a process. (See flow process chart.)

process design, The act of prescribing the production process
to produce a product as designed. This may include
speci fying the equipnent, tools, fixtures, machines, and the
I1ke required: the methods to be used; the personnel neces-
sar?/; and the estimted or allowed times. (See nmethods
analysis, process.)

process engineer, An individual qualified by education, training,

and/or experience to prescribe efficient production proces.

ses to safely produce a product as designed and who
Sﬁeual izes in this work. This work includes specifyi ng all
the equipnent, tools, fixtures, human job elements, and the
like that are to be used and, often, the estimated cost of
producing the product by the prescribed process. (See
process, process de5|gn.y

process planning, A procedure for determining the operations
or {atc]tmns necessary to transformmterial fromone state to
anot her.

process sheet, A sketch, diagramor listing of the operations in
the sequential order necessary to acconplish the desired
result (such as transforning material from one state to
anot her).

process time, (1) Tine required to conplete the machine or
process-control led portion of a work cycle. (2) Time re-
quired to conplete an entire process.

processing, The carrying out of a production process. (See
process. )

production standard, See standard tine.

production study, (1) A detailed analysis of a job, operation,
process, or group of activities using the techniques of
net hods engineering and work measurenment with the ob-
{ect!ve of Tnmprovenent. (2) An extended time study to de-
ermine delay allowances or verify other mejor variables —

sometimes called an eight-hour study.



productive labor, Sea direct |abor.

productive time, Tine in which effective work is done in an
?P[erreanon or process, as opposed to nonproductive or idle

product vity, (ll) The ratio of output to total inputs. (2) The ratio
of actua Pro,du,ctlon to standard production, apPllcable to
elther an Individual worker or aBroup of vorkers.

productivity index, See productivity.

progress chart, A %r,aghical representation of the status o
extent of conpltion of work in process. (See Gantt chart.
tiv

progress curve, APJ ot of work acconplished or productive
outPut vers*s ime. My be accompanied by a plot of ex-
pected or planned output for comparison purposes.

qualified operator, A worker who, br virtue of training, skill, and
ex enencg, is able to performa task within acceptable
qual ity ana time Trmts,

random el ement, See foreign el ement.

random sanpl e, A sample selected in such a way that each
el enent of the Eopul atjon being sanpled has an equal
chance of being Selected.

rate, (1) Hourly vage rate. (2) To evaluate the observed perfor-
mince of 4 task in comparison with some concept of norml
8erfornance. ((3) The quantity of outPut produced per unit
f i 54), he quant Iy of “output produced expressed as a
ercent of éither capacity or normal output. (5) Piece rate.
See performance rating.)

rate change, Kl) An upward or downward adj ustent of a pro-
duct i on- st andard. ﬁnerally mde because of a revision in
product design, quallty requirenents. production methods,
materials, or conditions. 22 A upward or downward ad-

justment in wages paid per unit of time or unit of output.

rate cutting, The arbitrary reduction of a standard time or incen-
tive pay rate. Not considered good practice.

rate setting (1)[ The est abl i shent of paY Rer unit for incentive
work. (2) The establ Ishment of a standard time. Syn: rate
determnati on.

ated average element tine, See normal element tine.
ating, See performance rating.

atio-delay study, See work sampling.
awtine, See actual tine.

eading point, See breakpoint.

egular element, An element of an operation or process that
occurs git her Fverx cycle of t eo?eratl.on or rociss o
occurs frequently and fn-a fixed pattern wth the cycles of
that operation or process as, for examle, once every third
cycle or four cycles out of five.

relaxation allowance, See fatique allowance, personal al-
| owance.

repetitive element, See regular elenment.

repetitive tining, A Stopwatch technique where

d read an rgecorded pat each bregk 0l nt,a,na
I nstant aneousl y reset to zero to begin timng
ment. Syn: snapback tinng.

I
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time value js
the watch Is
the next ele-

rest allowance, See fatigue allowance, personal allowance.
restricted element, See restricted work.

restricted work, Manual or hunan-mchine work for which the
Face or Speed of work I$ not conpletely under the control of
he worker. (See machine-controlled tine.)

revork, (d%? The process of correctin(r; g dafect or defici ency,ina
product or part. (2) Units of product requiring correction.

right- and left-hand chart, A chart on which the motions made
by one hand In relatio [(f those made by the other hand are
recorded, using standard process chart synbol's or basic
tcpaerrtb5|g abbreviations or symbols. (See operator process

rule of 80-20, See Pareto's Law

runout time, Time required by machine tools after cutting time Is
completed hefore the tool and material are completely free
8fr0|cneteeéference s0 that the next sequence of operations can

select(ed) element time, See select(ed) time.

select(ed) time, The time which is chosen by simple observation
o by statistical means as heing regr?sentatlve of. the actug
tme’val ues (prior to applying~a performance rating factoraﬁ
obtained from the observafion of an element or operation.
(See average cycle time, average element tine.)

sequencing, Specifying the order of performance of tasks so
tnqiartmgyanable production facilities are utilized in an optiml

setup, Preparation of a workplace or a machine for a specific
Work method, activity, or process. Includes installation of all
necessary hand tool's, jigs, fixtures, and other tools or
equiprent” in the |ocation”and condition for proper perfor-

nce of the work.

simo chart, (sinultaneous notion chart), A chart for displ aY-
ing, to-handed vork with mtion synbols plotted vertical Y
against time. The therblig or mtion abbreviation and a prig
description are shown fof each a%l V] [J' n addition, indi-
vidual” time values and body memver detail may be shown.
(See right- and left-hand chart.)

simlified practice, (1) The practices or operations resultin

" from apmr& s?npl(lemat?o# or rretﬁods ,sl,ﬁd Y Adescrlp9

tion of the vork method of ajob, specified in somewhat |ess
detail than in a standard practice.

sinultaneous motions, Two or more nonconsecutive el enen-
tal motion gerfor d during the same tine interval by
different body nemoers.

skill, See job skill.

snapback timng, See repetitive timng.
speed rating, See performance rating.

standard, (1) An established norm for the measure of quantity,
Wei ght, extent, value, quality, or time. (2) Standard tine.

standard all ovance, An al|owance calculated, arbitrarily set, or

negotia Fd 10 grow de in advance for specified conditions.
(See allovance.)

standard data, A struct

(! ection of normal time values for
work el ements codi

ured coll
fred In tabular or graphic form The data



rrre st ndards on work
Wler e co lected wthout
See synthetic data.

time for an individual work

are, Used as a basrs o, dh erm rn
simlar to that rc
ki ng addrto
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ee

stud
anda d el erreng me, A stand
erren nd a il

sta
standard hour, The qu
meet exactp h raduction
ductj o quo aisn rnaIIy by
used to refer to an ho(ur of
a | owances are expressed as n

al lowed hours. )

standard output, The rpcr %roc | of srandard i e expr essed in

r
ard

Ie.)
out put requ
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i

ired of an opera o to
or one hour. The pro-
a standard t rne A 'so
s than 60 mnu es uhen
roqu t e mnutes. (See
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appropriate units 0zens of units per hour, tons per
day, o hunoreds of varrels per week).

standard. performance, The perfornance of a person or group
achi éving standard out put.

standard practice, A description of a work nethod wherein all, of
e pP h ’nave been speolf

the Significant varra es of the met d ed
In detail. Usualp ollowsaseorfred ormat. (See nethod. )
Syn: standard method, witte andardpactrce

standar d spsterq The oommn nane Lor a codified set of

{1me-mfion aa often ooverrng hgeneral and proprr

’ar daa sets, cons| d%r the “usual practice for a guen

an or ocation and thus regarded as authorrtative. (See
prede ermned time system)

standard time, Aunit tine value for the aoconplrshnen of a
norktask as determned bp tpprcarrono ap-
propriate work measurenen echnr ues ual I f1ed
sonnel . Cenerally es ablrshed bg a(rpplyr ng approprrae al
lovances to norml tine, Standard tjme and normel time
are identical when nonproductive time is granred in lieu of
al [ owances. (See normal perfornanoe{ ndirect |abor

standar d. engr neer ed p formance standard, engr neer ed
sjrar(rjdard output standard, production standard, trme stan-

standard time, statistical, A standard time developed from
nrtsrtolr?olalcarr raenaly s of past performance time data. Sym:

standard tinme data, See standard data.

standards audit, A work measurement study or sequence of
sudres |t ended Jo test the correctness of existin randard
tmes and ner no ans of perrodrc samling of work
times, an attenpt is made to delect significant changes.

srandb Aoaeoroy time rn roh the worker is nr aotrveLZ
ae n ducrn aunr outpur but 1 avarla e 0 1a
app op late act ron when needed. Standoy i's recogni zed
only when it is essential to the t ask and en no Othér vork
can be done during the sr andby period. (See delay.)

standby tine, The time expended in standby status. e.g., the
time spent by vorkers |n awaiting equiprent, |abor crems,
o work assrgnnent or Que to faillre of utilities, inclenent
weather, and other simlar occurrences.

startup cur arning curve applied to a job or process t

ap us ?or nori rnegs ?one PRan srandard] or avepage asa
pesur of the i troduc tron of 3 new Job or new worker(s). (See
garning curve,

ati ¢ work \Mrk perforned by th% ands or arms where no
signiticant motion occurs, €.g., hol

statistical time, See standard time, statistical.

stopwat ch, Aporrable I ng devr ce thar can be started or
sroppeda wil by the User t egrs - continuous andor
elapsed ine. (See decimal- hou stopwatch, decinml-
mnute stopatch.)

Subt ract ed tine The drfferenoe between. successi ve stopuat ch
rea rngs when Us{ng a coptinuous timng techni que. Usu-
ally répresents thetime for one el ement.

synchroni zation allovance, See interference allovance.

synt he ic data, (1) Vrk neasurenen rrrre val uevi1 %r obt ai ned
rom drrec asur enent ich they are
pglrep Cener allg [ epresent values for sk ep}enenp)s that
surfi cient asrcasrooccu rnsevera j 0bs, obt ai ned
from neasurrng ask eerrenrs [N simlar |obs. or from pre-
deter p%rrs %AQ oucrondaano
neasured rreo(p om ica eroagrven situation
(See standard data, pede mned time systens.)

synt he tic time standard, A standard time determned fro
synthetic data.

task, See job.

teardown, All work items requrred between the end of one
perarron or Job and the start of setupﬂfor the nex' operatl on
|00, both “j obs  requiring rhe same machinery or Tacilities

temorary rate, (1) An output rata based on a temporary stan.
gtadda(d) ge Incentive pay rate based on a temporary

temora p standard, An approxr mte standard time intended to
a yfor alimted time t oaooount for some unusual job
oonp lon or while awaiting restudy of the task to which it

appiie

therblig, A short nanual work se%nent used odesc rbed the
sefsory-mtor activities or of er basro eI emens of an op-
eration, Developed by Frank and Lil ranG brerh herblrg
fprma basi¢ | nguae for methods d esorr(pron Inm
led form for el émental notion tine data Teorrgrnal
seventeen are: search, select, grasp, . transport

frans orr loaded, hold, release |oad, position, osr Ion
arsassenhe usep unavoi Eu?d

I nsp | asse Ie,| m L sp
avor a e delay, plan, rest. for. overcomp .
@ lbreth basrcyel gnen Dasi ¢ .divi sbon ofgacconﬁlrshnent
fundamental motion, basic motion, basic elemen

rherblieq chart,. An 0 peJarr n charf, wth sphopn rons bro-
ken down'into I"ndivi dual norrons an tions esr
nated Wth their appropriate therblig symols. Syn: rlght-
and Iefr hand chart, sim chart.

thruput, The ouan rtp of acceptable product processed through
a manufacturing fjne or machine in a specified tim (such as
an el gnt-hour Shift.)

tight rate, See tight s andard

tight standard, A standard time less than that required by a
ual ified workman with norml skrII and etfort "follo
rescriped netnod and including allowances for de as
ersonal needs, and rest. Syr: ti hr ae.

tine allowance, See allowance.
time formla, A formula for determning the normel time or



standard time of a task as a function of one or more vari-
ables in the task. Included are coefficients for the variables
so that insertion of the variable values allows direct time
conput at i on.

time standard, See standard tine.

time study, A work n‘easqrenﬁm te&hm, ue consisting of careful
tIme measurement of the task wth a tine measuring In-
strument, adjusted for any observed variance from nor mal
?ffor,t o pace and to allow adequate thme f?{ such itens as
oreign el ements, unavol dable or macnine delays, rest to
overcome fatigue, 1nd %ersonal, eeds. lfearm ng ﬁr,gro-
gress effects may also be considered, It the task is of
Sufficient Tength, “it 1s normally broken down into short, rela-
tively homogeneous work el enents, each of which 1 treated

separately as well as in conbination with the rest.

time study observation sheet, Aformfor the systematic, de-

tailed recording of element time values, and iryeqular og-
currences observed during a time study. CGenerally space I§
Fll 50 grow ded for entennrg ot her pemnth [nformgtion and
or computatron of standard times fromtne data. Syn: time

study computation sheet, tine study form

t
tol erance, El) A pernissible variation in a characteristic of a
product or process, usually shown on a draw ng o speci fi-
c?tmn., rrﬂ [n work measurement, the %ermsa le variation
of a time Value Tor an operation or other work unit.

tolerance lints, W The upper and | ower extrene val ues per
mtted by the oeranc,e.,(%) [n vork measurement, the limts
bet ween \Mnﬁw a specified operation time value or other
vork unit will be expected to vary.

training allowance, (1) An alloance to conpensate for an
untT i ned worker' s T'earning effe%t. (2 An ad&ust it to an
[ncentive pay piece ratefor the same reason. (3) An ad-
justment to earnings of an |ndividual or group. for the same
T eason, Usu?lly revol ves ad*usnnﬂ actual " earni nogrs under an
Incentive plan to some quaranteed percentage, O to prior
Ia\éSVra%%ee earnings. (See allowance.) Syn:”learner's al-

travel chart, A table giving distances travelled betueen points in
a mnufacturing facilty. Values my be adjusted to refl ect
¢

weight, value, or some other factor depending on cir-
cunst ances,

travel tine, Time required to move material. equipnent, per-
sontnﬁl, or information fromone work or storage area to
anot her.

unavoi dabl e, delay, A delay which is outside the control or
responsibility of the worker,

unavoi dabl e delay allovence, An allowance intended to pro-
Vi dae time foyr expecte(f Unavoi daable cpe?ays |In a task. ?See
al lovance. unavor dable delay. )

unrestricted element, An operation element that s completely
under the control of the worker. Syn: manual el enent.

unrestricted job, A job that is comletely under the control of the
worker.

val ue analysis, Review of product costs to evaluate contribution

to ﬂroduct val Ue. My include phases of work design,
methods engineering, and motion economy to reduice
manufacturing costs. Nay 1nclude Fhases of work simplifi-
catjon and brainstormng to evaluate use of alternate mate-
rials, components, or Vork specifications.

value engineering, See value analysis.

variable element, (1) An element whose normal tinme varies
S| gmhc,amly from’cycle fo cycle as a function of one or more
job variables. (2) A element comon to two different |obs
and whose time varies due to differences hetween the jobs.

veiting time, The time aunit waits for service or a worker waits
for parts. (See standby.) Syn: idie tine,

wink, One division on the mcrochronometer equal to 1/2,000
(.0005) minute.

wink counter, See mchrochronometer.

work cxcle, (13 A pattern or sequence of tasks, operatiops,
andl or pracesses. 2) A pattern of manual motions. ele-
ments, operations, and’or activities that Is repeated without
sLonificant variation each tine a unit of work Ts completed.
(See mtion cycle.)

work design, The desi r%? of work sgs,tems. stem co
I ncl Ude Peopl ek, cfh| neis,t It H als, squ?nc% |nd the
appropriate working facilities. The process technol ogy an
tﬁg %%nan cha[acte%sncs are con5|dgred.,|nd,| Vi Hua?gyareas
of study may include analysis and simplification of manual
ot 1 on conﬁonents; des| gn” of ]I%S,, frxtures, and toolmg:
numan- machine anal ysi $ and deSign; or the analysis of
gang or ¢rew work, Syn: ergonom ¢S, job design, Tethods
enq neering. methods study, notion study,” operation
andl ysi's. vork srmplification, motion econony.

work npasurenent, A generic termused to refer to the settin
QF a tine stand%r %

, by a recognized industrial engineerin
thhmque, such as time study, standard data, work sam
pling, or predeternined motion time systens. Syn. er-
QONOMTL T ¢S,

work sanplin(q, A application of random sampling techn ques
to the study of work activities so that the proportions of e
devoted to different elements of work can be estimated with
a given degree of statistical validity.

work sinplification, A mana%ement phi T osophy of planned im
provement using any or all of the tool's “and techni (iues of
Industrial engineering in an atmosphere of creative partici-
patjon which enables enployees to achieve individual
oal s through the achievement of organizational goals.
?See work design.)

work station, See workplace.

work study, The techniques of methods study and work mea-
ﬁuren‘ent errg)l oyeﬁi 0 ensure the best possible use of
l{,na,rg and meterial resources in carryl ng out a specific
actiuty.

vork task, A specific quantity of work, set of duties or respon-
sibilities, or Job function assigned fo ong or more persons.

working area, That portion of the workplace within which an
operator moves about in the normal |ob performance.

working. condi{ions, The conditiop of the physical, environmept
vmgtmn |cpw peop?e work, The envi r%ryment mcq uées tHe
presence and amount of illymnation, heat, air movenent
and polfution, radiation. ¢leanliness, spaciousness, and
safety. It my also include the conditrons of the social envi-
ronment, incfuding type and |ntens.|tt¥ of Supervision, en-
tronal inpact of the nature of the Job, and opportunities for
Interaction with peers.

onent s



workpl ace |ayout, The manner in which all of the items neces-
sarx to'performa work task, as specified by the standard
nethod, are arranged.

witten standard practice, See standard practice.
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BASI CPROCEDURE

When any problem is examned there should be a definite and ordered sequence of
anal ysis. Such a sequence may be sumarized as fol | ows:

1. DeriNe the problem

2. OBTAIN all the facts relevant to the problem

3. EXAMNE the facts critically but inpartially.

4. CONSIDER the courses open and decide which to follow.
5 ACT on the decision

6. FOLLOW UP the devel opnent.

V& have already discussed the basic procedure for work neasurement. Let us now
exanm ne the basic procedure for method study, selecting the proper steps. They

are as follows:
1. SELECT the work to be studied.

2. RECORD all the relevant facts about the present nmethod by direct observation

3. examne those facts critically and in ordered sequence, using the techniques
best suited to the purpose.

4, DEVELOP the most practical, economic, and effective nethod, having due
regard to all contingent circunstances.

5. DEFINE the new nmethod so that it can always be identified.
6. SELL the change to assure a smooth transition to the new method.

7. INSTALL that method as standard practice.

8. wmunTaN that standard practice by regular routine checks or through the use
of a Labor Reporting System

These are the eight essential stages in the application of nethod study; none
can be excluded. Strict adherence to their sequence, as well as to their con-
tent, is essential for the success of an investigation.

Do not be deceived by the sinplicity of the basic procedure into thinking that
nethod study is easy and therefore uninmportant. On the contrary, nethod study

may on occasion be very conplex, but for purposes of description it has been
reduced to these few sinple steps

-16-
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Work sinplification can only be acconmplish with an open mnd. Do not take any
method for granted, no matter how long it has been done one way or how good the
present nmethod seems. Renenber there is always a better way.

CUES/ I NDI CATORS - WHERE TO START

The technique of work sinplification, more than anything, relies on good comon
sense and a few |ogical steps. First, establish a job or function you want to
inprove. Look for jobs that have many delays, bottlenecks, poorly maintained
machi nes, excessive set-up tinme, etc

Second, break down the job so it can be effectively analyzed. It is nuch easier
to analyze a job when it is broken down into small elenments so attention can be
paid to one elment at a tine.

A nunber of tools and techniques can be used to break down a job. These will be
covered in depth in this course. However, one very inportant tool is worth

going into detail at this time: the “questioning” attitude of the methods
engi neer.

“Wiy” is the nost inportant question and should be asked first and then applied

inturn to each of the other questions: \hat, Were, \Wen, Wo, and How as
fol | ows:

Wiere should it be done? Wy should it be done there?
Change sequence? Conbi ne?

Wien should it be done? Wy should it be done then?
Change sequence? Conbi ne?

Who should do it? Why shoul d he/she do it?

El i m nat e? Change sequence?

How should it be done? Wy should it be done that way?
New process? Change net hod?

V¢ ask these questions so that the answers may lead us to elimnating, com
bi ning, rearranging, and/or sinplifying some of the activities.

VWork sinplification leads to productivity inprovement: the key to healthy busi-
ness, job security, acconplishment, and quality in work life

-17-
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VHAT TO ANALYZE AND MEASURE

Wien considering whether a nethod study investigation of a partialar job should
be carried out, certain factors should be kept in mnd. These are:

Econom ¢ consi derati ons
Techni cal considerations

Human reactions.

1. Economic considerations will be inportant at all stages. It is obviously a
waste of tinme to start or to continue a long investigation of the economc
inportance if the job is small, or if it is one which is not expected to run
for long. The first questions nust always be: "WII it pay to begin a
nethod study of this job?” and "WII| it pay to continue this study?”

Qovious early choices are:
“Bottl enecks” which are holding up production operations

Movenent of material over long distances between shops, or operations

involving a great deal of manpower or where there is repeated handling of
materia

.Qperations involving repetitive work using a great deal of |abor and
liable to run for a long tine.

2. Technical considerations will normally be obvious. The most inportant point

is to make sure that ad equate technical know edge is available with which to
carry out the study. Exanples are

(a) The use of preconstruction priner versus raw steel in the construction
process mght bring increased productivity of facilities and
| abor, but there may be technical reasons why a change shoul d not be

made. This calls for advice of specialists in welding, burning
coatings, etc.

(b) A machine tool constituting a bottleneck in production is known to be
running at a speed bel ow that at which the high-speed cutting tools
will operate effectively. Can it be speeded up, or is the nachine

itself not robust enough to take the faster cut? This is a problem for
the machine-tool expert.

3. Human reactions are anmong the nost inportant factors to be taken into con-
sideration, since nental and erotional reactions to investigation and
changes of method have to be anticipated. If it appears that the study of a
particullar job is leading to a great deal of unrest or ill feeling, you may
decide to leave it alone for the tine being, however promising it mght be
from the economic point of view If other jobs are tackled successfully and
can be seen by all to benefit the people working on them opinions will
change and it will be possible, in time, to go back to the original choice.

-18-
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When selecting a job for method study it will be found helpful to have a
standardized list of points to be covered. This prevents factors from being
overlooked and enables the suitability of different jobs to be easily com-
pared. A sample list is given below which is fairly full, but lists should
be adapted to individual needs:
1. Production and operation
2. Person who proposes investigation
3. Reason for proposal
4, Suggested limits of investigation
5. Particulars of the job:
(a) How much is (many are) produced or handled per week?
(b) Will more or less be required in future?
(c) Howlong will the job continue?
(d) HOWmany enpl oyees are enployed on the job:
a. directly?
b. indirectly?
(e) How many enployees are there in the trade?

(f) What is the average output per day?

(g) What is the daily output conpared with the output over a shorter
period? (e.g., an hour)

(h) What is the daily output:
a. of the best enployee?
b. of the worst enployee?

(i) Has the job any especially unpleasant or injurious features? |s it
unpopul ar:

a. wth workers?

b. with supervisors?

-19-
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6. Equi prent:
(a) What is the approxi mate cost of plant and equi pnent?

(b) What is the present ratio of Machine Running Tinme to Machine
Avail able Tine?

7 . Layout:
(a) Is the existing space allowed for the job enough?

(b) Is extra space available?

(c) Does the space already occupied need reducing?

8. Product:
(a) Are there frequeldsi gn changes causi ng nodifications?
(b) Can the product bealtered for easier nmanufacture?
(c) What quality is demanded?
(d) When and how is the product inspected?

9. What savings or increase in productivity may be expected froma method
i nprovenent :

(a) Through reduction in the work content of the product or process?

(b) Through better machine wutilization?
(c) Through better use of |abor?

(Figures may be given in noney, man-hours or machine-hours, or as a
per cent age) .

Item 4,suggested limts of investigation”, deserves some comment. It is
inportant to set clearly defined limts to the scope of the investigation

Met hod study investigations so often reveal scope for even greater savings

that there is a strong tenptation to go beyond the immedi ate object
This should be resisted, and any jobs shown up as offering scope for

i nprovenents through nethod study should be noted and tackl ed separatel

Such a list wll prevent the work-study analysis from going first
smal |l bench job which will entail a detailed study of the worker’s
and yield a saving of a few seconds per operation, unless the job is
that is being done by a |arge nunber of operatives, so that the tot
will significantly affect the operating costs oft flse ngause
playing around with split seconds and inches of novenent when a great wa
of time and effort iIs taking place as a result of bad shop I|ayout
handling of heavy materials.

-20-
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RECORDI NG _THE FACTS

The next step in the basic procedure, after selecting the work to be studied, is
to record all the facts relating to the existing method. The success of the
whol e procedure depends on the accuracy with which the facts are recorded,
because they will provide the basis of both the critical exam nation and the
devel opment of the inproved method. It is therefore essential that the record
be clear and conci se.

The usual way of recording facts is to wite them down. Unfortunately, this
method is not suited to the recording of the conplicated processes which are so
common in shipbuilding. This is particularly so when an exact record is

required of every mnute detail of a process or operation. To describe exactly
everything that is done in even a very sinple job which takes perhaps only a few
mnutes to performwoul d probably result in several pages of closely witten
script. This would require careful study before someone reading it could be
quite sure that he hadgrasped all the detail.

To overcone this difficulty, other techniques or “tools” of recording have been
devel oped so that detailed information may be recorded precisely and at the
same tine in standard form in order that it may be readily understood by all

The nost conmmonly used of these recording techniques are charts and di agrans.
There are several different types of standard charts available, each with its
own special purpose.

-21-
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OPERATI ON_ANALYSI S

peration analysis is a systematic procedure used to study all the factors which
could affect the method of performng an operation economcally. Through this
anal ysis, the present best available nethod of perform ng each necessary step of
an operation is determned and inproved if possible.

To sinplify the analysis procedure, an operation analysis form has been specifi
cally designed for shipbuilding. The formis intended to act as a guide to
systematically analyze operations. It will direct you in making the analysis
through the key factors considered and ensures that none of them are overl ooked.
Consi der each of the factors in detail. The primary factors which should be
reviewed in every operation follow

Purpose of operation
Part design
Materia

Material handling

I nspection requirenents

Process anal ysis

Design of work

Wr kpl ace layout, machine, and tools
. Working conditions

10. Gther areas for possible inprovements
11. Methods conparison chart

The formwas designed to provide a record of the conditions that exist at the

time of the analysis and to suggest any possible inprovements. Record all pertinent
data clearly and concisely.

Al'l backup documentation should be attached to the operation analysis form

The formis a general indicator of the course along which you shoul d proceed.
Each factor that indicates areas for inprovement should be studied in greater

detail utilizing the techniques of nethods engineering to sufficiently docunent
reasons for change.

It nust be renenbered that the operation analysis formis merely a tool which
can be used to analyze an operation. It is principally designed to guide and
keep clear the points that should be reviewed when seeking inprovenent. You

m ght devel op your own check questions also. Any inprovement that is made will
be the result of your ability to use sound reasoning, constructive thinking, and
creativity; no form can do this for you.

-22-



SHI PYARD CPERATI ON ANALYSIS FORM Page 1

OPERATI ON DATE
PART NAME PART NO. DWG. NO.
ANALYZED BY HULL NO.
ACITON ANALYST S CONSI DERATT ONG DESCR P1TON
I's the operation necessary? 1. PURPCSE OF OPERATI ON

Can operation be elimnated by inproving previous
operations?

Can one or more operations he conbined?

Can operations be changed to sinplify succeeding
operations?

Are the intended results acconplished?
Does your conpetitor have a better way?
Can the part be purchased at a |ower cost?

Are inefficient operations tolerated just because
they run smoothly and predictably?

If the operation has been added to correct a follow

ing difficulty, is it Possi ble that the corrective
operation is nore costly than the difficulty itself?

2. PART DESIGN
Are al| parts necessary? (Indicate possible improvements)
,Cakr;ost andard parts be used or converted to do the -
j 0b?

Can one part be redesigned to function for two?

Does design permt the most econom cal neans of -
manuf act uring?

s “excess” mterial mnimzed?
Do you have ?ood relations with en(t;i neering and

the mold loft to effect inprovements and correct
m st akes?

? 3. MATERLAL
Can scrap be reduced? W ERSOECENT VATER! AL
Can parts be made from scrap?

Can parts be nested to reduce scrap?
\Wul d material change reduce manufacturing costs?
Can Iess expensive material be used?
Is material always available before job is sche-

{duled to start?



Page 2 of 6

ANALYST o CUNSI DERATT NS

DeESURI PTTON

Are standard sizes utilized to the maximun®

I's Qaterial purchased in a condition suitable for
use’

I's material sufficiently clean?

is material purchased as part of a production sche-
dul e that brlngs the material into the operation at
the right tine?

B.  POSSIBLE SUBSTI TUTE

¢.  WAYS TO REDUCE SCRAP COSTS

D PROCESS MATERTALS

Can number of moves be reduced?

Can material be located at job site?

Does material flow coincide with general yard

naterial flow?
Are proper containers being utilized?

Is proper means of handling being used (ex: crame
v. truck)?

Can signals be used to notify material handlers?

o

Is material used at a convenient
stored on the ground?

eight, or is it

Is there a priority system established to min-
imize expensive delays?

_lis material handling equipment used [N the best

way?
What are chances for material to be |0St during
aandling?

Is time spent bringing material to the work station
and hauling it away, long, in proportion to the
operating time?

Are areas for incoming and outgoing material lo-
cated properly?

— JAre additional conveyors justified?

How about turntables?

4. MATERIAL HANDLING
A TRANSPORTED TO WORK PLACE BY:

6. HANDLED AT WORK STATTON BY:

T REMOVED FROM WORK STAITON BY:

U CONTATNER?

Are present inspection requirements
A. sufficient?
B. necessary?

il

C. effective?
]Are tolerances realistic?
Do all concerned know the quality requirements?

Do previous or following inspections duplicate
the present inspections?

Are standards for this operation compatible with
the standards of other similar operations?

What are main causes of rejection for this part?

Is quality standard definitely fixed, or is it a
matter of individual judgment?

Does the quality circle concept have an opportunity
here?

5 INSPECTION  REQUI REMVENTS
A SPECI FI CATI ONS AND TOLERANCES

B INSPECTI ON METHOD




ACITUN

ANALYSI S CONST DERATT ONS

—————
———————
————————————

Can any of the operations De.
. conbi ned?
B. elininated? , .
. performed internal to nachine tine?
D. reduced in content?

Can operation sequence be improved?

Can operation be performed im another area to re-
duce costs?

Are quantities and lot sizes economical?

[Are processes and procedures documented in an
up-to-date process sheet?

Shoul d a concise study of the operation be made by
means of a flow process chart?

Do process sheets dictate too much?
WIl a different method of producing the part

justify the additional work and activity Involved?

Can the operation and inspection be combined?.

Are there other parts that can be made on the same

set up?

Is there any advantage to combining all special

processes for all operations that use it at the
same location?

&

Page 3 of “
DESCRI PTI ON
6 PROGESS ANALYSIS {Li-st—all —operations)
W .
# Dept. | station Qperati on

Are hand and body notions made at |owest classi-
fication and fewest in nunber?

Are operations, tools, manufacturing aids, and
supplies organized and positioned for efficient

operations?

Are power tools or machines substituted for muscle
power when possible?

Have setup times been checked for efficiency -

perhaps with their own separate operation analysis?

How is the job-assigned to the operator?

Does the operator always have a backlog of work

to do?

Is there a control on tinme?

—_IHow is it checked?

How is defective work handled?

Are adequate records kept on the performance of

operations?

Are new employees properly trained? Who does the

training?
Are suggestions from workers encouraged?

Do the workers always understand what they are

supposed to do?

Do the foremen definitely check their workers

at regular intervals?

Is the work measured and compared to a standard?

7. DESIGN OF WORK

OPERATT ON
NUVBER

SETUP
STD.  HRS

PART
STD. HRS.




Page 4 of 6

ACTTON | ANALYSI'S  CONSI DERATT ONS DESCRI PITON
CAYOOT. . 8. WORKPLACE LAYOOT .
A Can work area be inproved? I ndi cate possible inprovenents)
— 1B Does the layout design aid efficient material

handl i ng?
¢. Is work area organized?
Does the layout provide adequate safety?

E Are tools, miterials, and suRpIies pl aced
properly? Consider racks, shelves, etc

F.  Has provision been made for the storage of
the operator’s personal bel ongings?

G Can distances be shortened?
H  Can body motions be reduced in number?
I

Are adequate working surfaces provided for
secondary operations,i.e. inspection, de-
burring, ~cotnting, slag removal, etc.?

J. Are chips, slag, cuttings, weld rods, ends
etc. removed pronptly and adequately?

K. Is there a computer HOST workplace arga
sketch sheet? File No. -

TOULS! , .
. Are tools suitable for job?

B. Can jigs or fixtures be used? (Hands are poor
hol ding devi ces)

¢. Are tools being used correctly?

D. Is the fixture designed for maximum notion
econony?

E  Does the foreman meke sure all operators have
the current tools?

-, \Wuld a special bench elimnate stooping or

bendi ng?

WRCHES . .
A Can machine be easily adjusted?

B. Can operator run more than one machine?

¢. Can operator do other operations internal to
machine tine?

D. Is the machine being utilized to its fullest
potential ?

E Wuld a special machine do the job better?

F. Is the volume sufficient to develop a special
machi ne?

G Is the machinery in good operating condition
is it maintained?

[H Do machines have stops, quides, indicators
etc., so as to facilitate production?

Are quick-acting clanps used where indicated?
Are there opportunities for N'C or or CAD CAM?
How about robots?

ve you | ooked in*o grou technologY (Gq

ere group|n?_by anilies of parts 1s tried
but alSo famTies of related processes - and
then optimze work flow by conbining the two?

— = < —




ACTI ON

ANALYSI S CONSI DERATI ONS

DESCRI PTI ON

iniminiie

made nmore interesting? Safety or
m ght result.

productivity

Can the operator do his own naintenance?
Is job rotation possible, and desirable?
Can fixed teams of journeymen be used?

Can buffer stock be provided to allow variations
in the work pace?

Are records being kept that no one |ooks at?
Can any record keeping be elininated?

If you we re
you want?

operator, what changes woul d

Are workers encouraged to suggest improvements?

When you do increase productivity are you set up
to measure the inprovenment and report it to
managenent ?

Are you avoiding the traps of “short term results”
band | o0sing the advantage of the best solution?

|Does your own attitude, contacts with operators
and forenen, etc. encourage wi de involvenent in
productivity inprovenents?

|Have you spent adequate time in the production
area so you understand what is going on?

Look for and elimnate or
interruptions.

reduce del ays and

Use improvements from other jobs.

Conpare nethods of several different

the sane job.

operators on

I's the lighting adequate for the job? (all shifts) 9.  WORKING CONDI TI ONS
Is the floor or walking surface smooth and safe? (possible inprovements)
Free from unnecessary obstructions?
Has the operator been taught to work safely, es-
. pecially considering the safety of others?
et Does the plant present a neat and orderly ap-
. pearance at all tines?
———————1|s the ventilation adequate? Are dangerous pro-
cesses adequately guarded - both from the stand-
point of the operator and passerby?
——e} | f the process nmekes pollution, are these designed
in a way to reduce or elimnate it?
—ed | S WOr k designed to foster teamwork and cooperation
bet ween workers and between workers and supervision?
—eed |'s the operator and foreman proud of their finished
product ?
If the job is boring or nonotonous, can it be 10. OTHER AREAS FOR POSSI BLE | MPROVEMENTS

REMEMBER -

Many tinmes there is no quick, easy,
mracle cure. The main solution often

i nvol ves basic business fundamentals,
notivation, commn sense, and the plain
hard work of one person doing sonething.
But the acconplishment that results from
this can be very satisfying indeed.




11, METHODS COVPARI SON CHART
(Attach all backup data such as process charts, etc

Page 6 of 6

PRESENT  METHOD PROPOSED  METHOD
12. CORRECTI VE ACTI ON' RECORD
PROPOSED  CHANGE DATE ACTION TAKEN BY

COXMENTS
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FOREWORD

This revision is based on the previous work of the ASME Special Comittee on the Standardization of
Therbligs, Process Charts, and Their Synbols, as docunented in the previous edition of this standard,
ANSI Y15.3-1974 (ASME Standard 101-1972), Qperation and Flow Process Charts. In 1978, the ASME
Committee was reorgani zed and redesignated Subcommittee 3, Process Charts, of the American National

Standards Committee Y15, Preferred Practice for The Preparation Of Graphs, Charts, And Cther Techni cal
[lTustrations,

The initial effort on standardizing Therbligs, Process Charts and Their Symbols was based on concepts
originated and developed by Dr. Frank B. and Dr. Lillian M Glbreth. These include definition, scope and
the synbol's of pure motions and their corresponding charting and analysis forms. In preparing this revision
the Comittee avoi ded fundamental changes in definitions and concepts which were contrary to actual
practices in industry. Substantive changes without cost/benefit justification or those which mght result
In some economic injury to the practitioner were discarded.

The proposed revisions include: (a) sinplifying the title and general structure of the standard which
explains charting techniques and conventions, (b) modifying definitions to promote clarity, (c) adding
new charts and drawings and (d) deleting obsolete material.

This revision was approved by the American National Standards Institute on December 17,1979
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AVERI CAN  NATI ONAL  STANDARD

PROCESS CHARTS

1 GENERAL

1.1 Scope

This standard presents the definition of process
charts, charting procedures and the principles and
practices for their construction. The forms and
conventions illustrated in this standard represent
current definitions and concepts from industry.

Process charts provide a systematic description of
a process or work cycle involving activities of humans,
agents or objects. Because a commn nedium of
expression is used, a single process chart my serve
the needs of many individuals either perforning,
managing, or analyzing the work. process charts have
a variety of uses, the most frequent being analysis,
methods inprovement, job instructions and training.

1.2, Definition of a Process Chart

A process chart is a schematic or tabular represen-
tation of the sequence of all relevant actions or
events-operations, transportations, inspections, de-
lays, storages (and the like)-occurring during a pro-
cess or procedure, and includes information con-
sidered desirable for analysis such as time required
and distance moved. Two types of process charts are
used.

(a) The material type presents the process in terns
of the events which occur to the material(s) being
processed.

(b) The person-type presents the process in terms
of the activities of a person(s) performng steps of the
process.

1.3 Process Charting Procedure

For anal ytical purposes and to aid in detecting and
elimnating inefficiencies, it is convenient to classify
the actions which occur during a given process into
five actions or activities. These are known as opera-
tions, transportations, inspections, delays, and
storages. The fol lowing definitions cover the neaning
of these activities under the mgjority of conditions
which will be encountered in process charting work.

1.4 Activities Defined

1.4.1 Qperation. An operation occurs when an object
Is intentionally changed in any of its physical or
chemcal characteristics, is assembled or disassenbled
from, agather object, or is arranged or prepared for

another operation, transportation, inspec-
tion, or storage. An operation also occurs
O when information i's given or received or
when planning or calculating takes place.
(Symbol . Circle)
1.4.2 Transportation. A transportation occurs when
an object is moved or a person moves from one
, location to another, except when such
> movement is part of the operation or is
' caused by the operator at the work
station. (Symbol: Arrow
1.4.3 Inspection. An inspection occurs when an
object is examned for identification or
is verified for quality or quantity in any
of its characteristics. (Synbol: Square)

1.4.4 Delay. A delay occurs when an ob-
ject or person waits for the next planned
action. (Synbol: D

D
\

1.4.6 Conbined or modified synbols. Progress is
always devel oping variations from existing conditions.
In the advances made in diagramng office work,
data processing, materials handling and warehouse
operations, Situations have arisen where it is desirable
to vary or combine basic synbol s.

Exanples fol | ow

1

1.4.5 Storage. A storage occurs when an
object is kept and protected against
unauthorized remval. (Synbol: Inverted
Triangle)
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(a) Variation. The Qperation symbol has been
mdified in paperwork applications to indicate:

Creation of a record or a set of papers.
(Symbol . Encircled Circle)

Addition of information to a record
or set of papers. (Synbol: Shaded Crcle)

(b) Combination. Synbols have been combined
to show activities performed concurrently:

O

Inspection performed within an operation.
(Synbol: Gircle in Square)

Qperation performed while product is in
motion. (Synbol: Arrow in Crcle)

(c) Mdification. Synbols have been joined to aid
distinction:

; Handling (half an operation and half a
transportation), as when picking-up,

@ setting-down, where no operation is

perforned yet no distance is involved in
I that portion of the “transport.” (Synbol:

! Half Circle-Half Arrow
1.4.7 Wen unusual situations outside the range of
the definitions are encountered, the intent of the
definitions summarized in the following tabulation

wll enable the analyst to make the proper classifica-
ti ons.

Action/Activity Predoni nant Result

Qperation Produces or Acconpl i shes
Transportation Moves

I nspection Verities

Del ay Interferes

Storage Keeps

1.4.8 The following criteria should serve as a guide
for the shape of the synbols: (1) should be readily
distinguished fromother symbols; (2) should provide
room for witing within it, either alone or when
combined with other symbols; (3) should combine
readily with other synbols; (4) should be used in
only one orientation; (5) should be capable of being
drawn free hand easily. Poor draftsmanship shoul d
not result in confusion with another synbol.

ANSI Y15, 3M 1979

Frank B. and Lillian M Glbreth devised the first
symbol s for process charts. Those presented above
follow the Glbreths' synbols for the actions, opera-
tion, inspection, and storage, but differ wth respect
to transportation and delay (tenporary storage).
They use a small circle for transportation, which
violates criteria 2 and 5 and a double triangle, one
within the other, for tenporary storage, which
violates criteria 2 and 4, nanely, it uses variations of
the same geometric form the triangle, for two actions.

2 PRINCI PLES AND PRACTICES FOR CON
STRUCTI ON OF PROCESS CHARTS

2.1 Form

Process charts differ widely from one another
because of the nature or scope of the processes they
portray. They are usually drawn on plain paper
of sufficient size to accomndate them when they
portray the events occurring to nmore than one item
of material, the activities of nore than one person,
or the alternate routes or procedures followed by
material or people. Wen events occurring to a
single itemor the activities of a single person are
charted, prepared forms may be used.

2.2 ldentification

The identifying infornation which is always neces-
sary is as foll ovs:

Subject Charted

Present Method or Proposed Method
Drawing nunber, part nunber, or other
i dentifying nunber

Date Charted

Charted by

2.3 Mjor Conventions-Schematic Charts (on plain
paper)

2.3.1 The myjor axis of a process chart may be either

horizontal or vertical. The following conventions

apply to a vertically oriented chart, or to a horizontal

chart which has been rotated ninety degrees in a clock-

wise direction,

2.3.2 The sequence in which the events depicted on
the chart nust be performed is represented by the
arrangenent of process chart synbols on vertical
flow lines. Mterial, either purchased or upon which
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work is performed during the process, is shown by
horizontal naterial lines feeding into the vertical
f1ow [ nes.

2.3.3 One of the parts going to make up the conpleted
product is selected for charting first. Usually thisis
the component on which the greatest nunber of
operations is performed, the dominant material,
or the part having the greatest bulk to which the
smal [er parts are assenl ed.

This is typically placed in the upper right hand
corner. See Figure 1 (d)

2.3.4 These conventions have been devel oped for use
in naking process charts, and are shown on figure 1.

(a) Horizontal lines indicate materials being
fed into the process. Lines are drawn vertically to
show the steps of the process in chronological se-
quence.

(b) The vertical process lines take precedence
when they are to be crossed by material in feed or
distribution lines.

(¢) The typical process chart consists of synbols
representing a series of actions and information shown
in sequence with connecting lines and with appropriate
nunbers noted inside.

(d) Charts of assenbly operations are started in
the upper right hand corner with the largest conpo-
nent or the one having the nost operations.

(e) Alternate routings are shown by splitting and
rejoining Iines.

(f) Materials being returned for rework are
portrayed by backtracking lines to the point or
points where operations start to repeat.

() Losses from processes are indicated by separate
down-flowing Iines.

(h) Directions of flowin conplex charts are
shown by arrows,

2.3.5 Figures 2 and 3 show examples of activity iden-
tification conventions and the use of these conven-
tions. In Figure 2, only operations and inspections
are shown. This type of process chart has tradition-
ally been known as an Cperation Process Chart. In
Figure 3, all activities are deemed pertinent, so all
are shown. This chart shows the manner in which
several conponents are processed and brought to-
gether to make the conpleted product. In this case,
facing sand. A horizontal process chart, without the

ANSI Y15, 3M 1979

discipline of synbols, but with nore infornation
about the process, is shown as Figure 4.

2.3.6 Qperations are numbered serially for identifica-
tion and reference purposes in the order in which
they are charted. The first operation is numbered 1,
the second 2, and so on. When another conmponent
on which work has previously heen done joins the
process, the operations performed upon it are num
bered in the same series. If the first conponent on
the chart has had four operations performed upon it,
they will be identified as 1, 2, 3 and 4 If a second
conponent then joins the first, the first operation
performed on the second conponent will be iden-
tified as 5. If two more operations are performed on
the second component before it joins the first, they
will be nunbered 6 and 7. The first operation per-
formed after two components have come toget her
woul d then be identified as 8 (set screw and adjusting
screw). See Figure 2.

2.3.7 An operation number once used i s never
repeated on the same chart. If after a chart has been
conpleted, it becomes necessary to add an opera-
tion to the process between two operations, it is
permssible to identify the new operation with the
number of the preceding operation followed by the
subscript “a". Thus an operation inserted hetween
4 and 5 would be identified as 4a.

2.4, OQther Conventions-Schematic Charts

2.4.1 The conventions followed for portraying
di sassenbly operations are quite simlar to those used
for assemblies. Miterial is represented as flowing from
the process by a horizontal material line drawn to
the right fromthe vertical process sequence Iine
approximately Y%inch (5 mm) below the synbol
for the disassembly operation. The name of the
disassenbled conponent is shown directly above the
horizontal material line. The subsequent operations
which are performed on the disassenbled component,
if any, are shown on a vertical process sequence line
extending down fromthe right hand end of the
hori zontal material [line.

2.4.2 1f the disassenbled conponent is later reas-
senbled to the part or assenbly fromwhich it was
di sassenbl ed, that part or assenbly is shown as feeding
back into the process sequence line of the conponent.
This practice noves the major vertical process line
alvays to the right. Thus, when disassenbly opera-
tions are to be shown, the chart cannot be started
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(a)

e HORIZONTAL LINE INDICATES
MATERIAL FEEDING INTO PROCESS

VERTICAL LINE INDICATES STEPS
OF PROCESS ARRANGED IN
CHRONOLOGICAL SEQUENCE

LINES CROSS

{b) HORIZONTAL LINES GIVE WAY WHEN

PROCESS SEQUENCE LINE

\MATERIAL IN-FEED LINE

(d) ASSEMBLY WORK

PURCHASED ITEM
CHARTING STARTS OR MATERIAL

IN UPPER RIGHT

CORNER OF SHEET

{c) TYPICAL PROCESS DIAGRAM WITH LARGEST
COMPONENT OR ONE
HAVING MOST
OPERATIONS
SYMBOL AND NUMBER
TIME /PIECE | DESCRIPTION
{e) ALTERNATE ROUTINGS
SHOWN BY SPLIT !
AND REJOINED
0.0240 <4> PAINT LINES
©
2 | TEST
®
() MATERIAL RETURNED {g) MATERIAL FLOW WITH {h) COMPLEX CHARTS AIDED BY
FOR REWORK YIELD, LOSS OR SCRAP ARROWS, CURVED CORNERS

O,

10%

98 TONS / DAY

)

®

:n;:ill

FIG 1 CONVENTI ONS AND MODI FI CATIONS |N MAKI NG PROCESS CHART
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OPERATION PROCESS CHART
PRESENT METHOD
SUBJECT CHARTED_STRIP TYPE THERMOSTAT ASSEMBLY _ DWG. NO. 82103 ITEM 4
DATE CHARTED CHARTED BY DIVISION_SMALL PARTS
INSERT A-176 ADJUSTING SCREW A-253 CASING A-116
7/16" HEX.COLD DRAWN STEEL 1/4" HEX.COLD DRAWN STEEL 20 GA. COLD ROLLED STEEL
st MACHINE MACHINE COMPLETE SHEAR ST
RIPS
0.0018 S.M. DEPT. S.M. DEPT 0.0005 PR. DEPT.
EMBOSS,PIERCE,
FINISH MACHINE TAP NOTCH,FORM,
0.0013 S.M. DEPT. D.P. DEPT 0.0013 & CUT OFF.
PR. DEPT.
NICKEL PLATE NICKEL PLATE FINISH FORM
0.00005 PL. DEPT. AT 0.0020 PR. DEPT.
INSPECT INSPECT NICKEL PLATE
D.W. 3 | PL. DEPT. D¥.. 1 2 | pL. pepy. 00015 PL. DEPT.
SET SCREW M-70
ASSEMBLE SET D.W INSPECT
0.0053 g ) SCREW To ADJUsT- “-"- | 1 | PL. DEPT.
; ING SCREW
ASSEMB. DEPT.
LUBRICANT
COVER THREAD WITH
STOP LUG W-133
1/8" x 3/32' REC STEEL WIRE 0.0021 12 };quﬁg'gé;” AND START
ASSEMB. DEPT.
CUT TOLENGTH RUN DOWN AND SET
0.0005 PR. DEPT. 0.0026 ‘13 ) ADJUSTING SCREW
ASSEMB. DEPT.
NICKLE PLATE
0.00005 PL. DEPT.
INSPECT
D.w. 4 |PL. DEPT.
SPOT WELD LUG TO
0.0050 16 ) ADJUSTING SCREW.
ASSEMB. DEPT.
RIVET INSERT
ASSEMBLY TO
0.0090 17 CASING
ASSEMB. DEPT.
CALIBRATE &
pw. | 5 [insPECT
ASSEMB. DEPT.

FIG.2 TYPICAL OPERATION PROCESS CHART
S
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67 143 15 MESH & FABRIC 0 2 67
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TONS PER YEAR. L. 811  wire miLL 76 HIGH CARBON WIRE 8 1 38
YIELD = 84.6% ROPE & STRAND 0 5 s
[ 1—1
FROM EAST MILL 4 SIDING 4 - 4
FENCE POSTS [ 1
9 |
FAOM OTHER SUPPLIERS JODBED PRODUCTS P 0
Total 78 30 736

SLHVHD §S3004d
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FIG. 4 PLANNED MATERIAL FLOW — A FORM OF PROCESS CHART WITHOUT USE OF CONVENTIONAL SYMBOLS. A form of process chart used in planning
major expansion of a steel mill complex, Here each rectangle represents a major activity-area; numbers beside each flow line represent thousands of tons per year; and yield
loss is shown by the back-flow arrow. This shows the break-down of a basic material into various derivative products, rather than the build-up into an assembled product
as in Figure 2.
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in the upper right hand comer of the form but
mist be started further to the left

2.4.3 1t is the practice to nunber the operations
performed on the disassenbled conponent after
di sassembly before nunbering the operations on
the part fromwhich it was di sassenbled. Then
if the part later rejoins the disassenbled conponent
the conventional nunbering practices may be fol-
lowed. This practice also applies to inspections

2.5 Myjor: Conventions-Tabular Charts (on prepared
form

2.5.1 There is enough simlarity among process
charts of single items to permit the use of prepared
forns which are both convenient and time saving

The sinmplest of these forms provides headings for
chart synbol's, process description, distance moved
and tine. The process data and symbols stand out
clearly, as shown by Figure 5 It shows the process
for making door protectors.

2.5.2 Figure 6(a) is a more detailed process chart of
the present nmethod of handling air freight drawn on
a formwith preprinted symbols and colums for
recording distance, quantity and time. Connecting
the appropriate synbols with a continuing line obvi-
ates the need for drawing synbols with a tenplate

When al| five synbols are used or indicated on the
chart it is traditionally referred to as a flow process
chart, as contrasted to operation process chart

2.5.3 The analysis and action colums provide the
means for devel oping an inmproved nethod. Con-
siderations are to be given to the questions printed in
the headings of the applicable colums. When any
one of these questions suggests the possibility of
improvement, a check mark is placed in that colum
and also in the appropriate action colum. By means
of this discipline, the devel opment of an inproved
method is greatly facilitated

2.5.4 Wen a series of activities or entries is repeated
a nunber of tines, these may be condensed into one
line as shown on Figure 6(a) by the note hordered by
wavy lines. The entries repeated are nultiplied by
the nunber of times and added to the sumof the
individual entries in order to account for the total

2.5.5 Figure 6(h) shows a proposed nethod of
handling air freight that resulted fromutilizing the
check marks nade in the analysis colums and the
notes on Figure 6(a) suggesting possible improve-
ments.

ANSI Y15, 3M 1979

2.5.6 An example of cost analysis on a tabular process
chart formis given in Figure 7. Features of this form
are: the provision for showing both present and
proposed nethods; preprinted symbols; a summary
showing cost data and savings; and more conplete
information under the identification heading. The
reverse side is arranged to provide a cross section
background for a sketch of a layout or flow diagram
and basic informtion for identification

2.5.7 Mhen material is followed from the beginning

to the end of a process, the unit being charted may
change fromtime to time. Wen this occurs, it is
inportant to show what the unit is at any point on
the chart so that confusion will be avoided. In the
illustration given, the chart shows the process of
transforming an alumnum bar into relief valve bodies.
The bars are loaded and unloaded singly, but are
moved twenty at a time. At the third operation, each
bar is machined and cut up to formfifty valve bodies

For all subsequent operations, one valve hody is
the unit, but the valve bodies are moved in quanti-
ties of one hundred or three hundred until they are
packed. The unit then becomes twenty-five valve
bodies contained in a packing case. This quantity
information is entered in the spaces provided under
that heading in the identification section of the chart

2.5.8 It is customary to express all costs on the basis
of the finished product. The cost unit may be one
finished item a dozen, or any nunber, being deter-
mned by the nature of the product. In any case, the
allowed tine infornation for operations, transporta-
tions, and inspections, which is to be recorded on the
chart, should be given on the basis of the cost unit.
[f, for exanple, in the case given in Figure 7, it re-
quires 0.0100 hr to load one bar into the truck

because one bar mekes fifty valve bodies, the time
charged per valve body will be 0.0100+50=0. 0002
hr. Simifarly, if it takes 0.2000 hr to nove twenty bars
210 ft, the time charged ger valve body will be
0.2000 + (50 x 20) = 0.0002 hr. However,” the tine
for delays and storages is not divided by the number
of units in the bar or lot, for each unit is delayed or
stored the full time. The sane reasoning applies to
recording distance moved. The distance the bhar is
moved is not divided by fifty because each unit
within the bar must move the entire distance. By
keeping all the tine figures which directly affect
cost on the basis of the same unit, confusion is
avoided and all figures on the chart are directly
conparable. The cost unit chosen is recorded on the
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PROCESS CHART Plant __ABC Project 347
Conversions for Charted Unit to End Unit By 578 With i I
Charted Size or Quantity per Date Sheet of
Unit Weight End_ Unit Starting Point Steel starage
Protector 2 Ibs. {End unit) Ending Point ___Finished Goods Storage
Carton (filled) 4% lbs. 1 per 2 protectors
Formed piece 2 Ibs. 1 per 1 protector &] Present or D Proposed (Alt. #___ )
Blank 2 1bs. 1 per 1 protector Description of Alternative
Steel Plate 65 Ibs. 1 per 2.3 protector
Process Charted: _Make door protectors from steel plates.
Quantity of End Unit per (time)
1380 protectors per day
Charted Unit > Description o o5 2 .
= 2 S o dlosalt co
and ZE of 2322 g3l &2 Notes
. o > . = - e|E = [=1 R £
Units per Load | << Action a2+ | B
1. Steel Plates W Stacked on fleor - - -
2. Steel Plates — To Cutting on 4-wheel
12 @ push-truck 780 5| 280
3. Steel Plate — Cut to size Offal
one | @ - - - -
4, Blank — One To form presson
@ conveyor 2 | 1380 2
5. Blank — One @ Formed _ _ _
6. Formed To In-process Storage, Hand-Powered low-lift truck
Piece—400 | | pallet & lift truck 800 | 35} 320
7. Formed On pallet on floor _ _ _ | Sometimes moved to pallet rack
Piece — 400 V with hi-lift truck
8. Formed To Grinding on pallet & Hand-powered low-lift truck
Piece—400 | D |lift truck 800 | 35| 80
9. Formed @ Ground to break all edges _ - _
Piece — One
10. Protectors — To Packing by lift truck 260 protectors per pallet box.
260 @ and pallet box 520 531 310
11. Protectors — @ Packed in carton _ _ _ | Packing materials supplied in
Two advance
12. Cartons — To F.G. Storage on
140 | ® | paltet & lift truck 630 | 5| 210
13. Cartons — Pallets with cartons _ _ _
140 W stacked on floor
14.
15.
Totals: @@V Total | 1280

FIG.5 PROCESS CHART — RAW MATERIAL TO FINISHED PRODUCT.
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NO—
FLOW PROCESS CHART PRGELOFL-
SUMMARY
PRESENT | PROPOSED | IFFERENCE JOB_NECEIVE AIRFREIGHT PACKAGE AND BRING
No, [Timg | No [T N0 ITiME TO OUTGOING FREIGHT AREA
(O _OPERATIONS 50 | s EIMaN OR [J MATERIAL BAGGAGE HANDLER
) TRANSPORTATIONS | 43 f21.3 GHART BEGINS_AT RECEIVIKG DOCK
- { [0 mspecTiONs 17 fare CHART ENDS __OUTGOING FREIGHT AREA
1 A A,
D_oewars 55 CHARTED BY 3 DATE
U STORAGES -] -
DISTANCE TRAVELLED | 1411 FT; FT.
se| & s 1¥ls
DETAILS OF (SRESENT ) METHOD ifle B ':’i‘i NOTES
L3
gal 3| ¥
! OTHER DUTIES
E IPMENT KEA
¢ GOES YO "EQUIPMENT AREA'* FOR HAND TRUCK L 10 | V] :;&% Ai%ﬂs ol r v
3 GRASPS HAND TRUCK AND RETUANS TO PLACE EQUIPMENT NEAR
RECEIVING DOCK @ 1.0 || USING AREAS V]
4 LOADS PACKAGES ON HAND TRUCK a2 V] USE SEMI-LIVE SKID 4
s PUSHES HAND TRUCK TO RECEIVING DOCK SCALE 21 5 V| USE SEMI-LIVE SKID
& TIPS PACKAGES OFF HAND TRUCK ONTO SCALE 41 - |/ ::'!,;l'lgﬂol:l&llo A
7 CHECKS WEIGHT OF EACH PACKAGE 4|l b v
8 CHECKS PACKAGES FOR CONDITION 4 |18 /1 ::::S:’:‘;"‘:K‘l‘;‘ v
9 LOADS PACKAGES ON HAND TRUGK 4| 2 W V|
10 PUSHES TO “CHECK IN* AREA 32 3
i TIPS PACKAGES OFF HAND TRUCK 4 |- [V LEAVE ON SKID Y|
12 RETURNS WITH HAND TRUCK RECEIVING DOCK 28 3 Vi g
— —
ITENS 4-11 REPEATED 7 TIMES
ITEM 12 REPEATED 6 TINES ODDDV
—
RECEIVE AIR BILL FROM TRUCK DRIVER
75 a CHECKS NO. OF PKGS. WITH AIR BILL C x> DV 2 |14
USE SIMPLE WIRE BASKET CON-
76 GOES WITH DRIVER TO BILLING OFFICE E]Dv a8 .5 |V VEYOR OVERHEAD CABLE
WAITS WHILE BILL 1S PROCESSED N
77 AND LOY LABELS PREPARED OOD [ X
RETURNS TO PKGS. WITH PROCESSED v
78 COPY OF BILL & LOT LABELS OpODV |« -
PASTES LOT LABELS TO EACH PKG. v
I9 AND AR BILL 1o onE DD Dv 2 {18 USE STAMPING MACHINE? 4
80 LOADS PACKAGES ON HAND TRUCK SCDV a2V v
81 PUSHES HAND TRUCK TO “OUTGOING FREIGHT AREA® O DDV a K3 d |
82 TIPS PACKAGES OFF HAND TRUCK O] DV el V V1
#3 RETURNS WITH HAND TRUCK TO "'CHECK IN AREA" O DDV a .6 Vi %
e W g
ITEMS 80-82 REPEATED 7 TIMES
ITEM 83 REPEATED 6 TIMES ODDDU
111 RETURNS HAND TRUCK TO "EQUIPMENT AREA** OSD DV |30 s v

FIG. 6(a) PRESENT METHOD — PERSON-TYPE FLOW PROCESS CHART UTILIZING
PREPRINTED SYMBOLS AND ANALYSIS-ACTION COLUMNS
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NO.
MGELoR1
SUMMARY FLOW PROCESS CHART
PRESENY | FROPOSED | DIFFEREMCE JOB__RECEIVE AIRFREIGHT PACKAGE AND BRING TQ QUTGOING
no [TiME | %0 ITiME | MO | TIME FREIGHT AREA
O oreramions s0] e8| w3l a1 | 37[ 23 [xIman or ] MATERIAL __BAGGAGE HANDLER
L) TRAMSPORTATIONS | 43 | 213 | 10| 36 | 33| 177 CHART BEGINS__AT RECEIVING DOCK
L_D INSPECTIONS 17§ 219 3 8 {14} na CHART ENDS AT **OUTGOING FREIGHT™ AREA
D_oetars $] 88 - = 1 3.8 CHARTED BY A.S. DATE
W STORASES - - -
DISTANCE TRAVELLED {1471 FTi21s  FT.[1256  FT. y T
8 i r | -
DETAILS OF (TRSsEn: ) METHOD g N 3El & 5|¥i¥e NOTES
(FRoroseo é i ; NELE HEEH: .i. §!5
-3 L] 3 xlels
| OTHER DUTIES o DV :
i
2 RECEIVES AIR BILL FROM TRUCK DRIVER DODV - :
GOES TO OVERHEAD WIRE BASKET CABLE i
3 OO T oDV ** a8 §
LOWERS BASKET AMO INSERTS 3 COPIES OF AIR
4 BiLL, RETAINS oDV o8 |
RAISES BASKET & SENDS TO BILLING OFFICE i
' ron PrOCESTING oDV -0 H
TIPS SEMI-LIVE SKID FLAT FROM ITS *"ON END** :
®  POSITION AGAINST COLUMN DV -08
INSERTS HANDLE ANO PULLS TO RECEIVING
7 Dock AREA OOCDV | + 2
PUTS PACKAGES ON SXIO AT SAME TIMNE \
®  CHECKING PKGS. FOR CONDITION DDV 112 :
®  PULLS SKID ONTO RECEIVING DOCK SCALE ODWV] 3 .
3
oo HOTES ON HIs COPY OF BILL,DIFFERENCE BETWEEM ' i
PRE-WEIGHED $KID & PKGS. -
U PULLS SKID TO “OUTGOING FREIGHT®® AREA 2 - i
t
@ RETURNS TO BUILDING COLUMN 30 . ;
N :
ITRME 6-12 REPEATED AGAIN -1 -f- :
P i S NSRS NP e Sy 2
20 LOWERS WIRE BASKET & REMOVES PROCESSED ' 1
BILL & LOY LADELS : i
21 CHECKS WEIGHTS PREVIOUSLY NOTED AGAINST _ i
TOTAL ON PROCESSED BILL
SIGNS PROCESSED BILL IF WEIGHTS CHECK O.K. &
Z  GES TO DRIVER K]
23 INSERTS HELD COFY OF BILL IN BASKET; 06
SENDS TO BILLING OFFICE
24 RETURNS TO "'OUTGOING FREIGHT* AREA 10 .
PASTES LOT LABELS TO EACH PACKAGE AND
25 AIRBILL TO ONE 32|18
1
26 |
27 !
H
28 | ;
29 l
) M
I

FIG. 6(b) PROPOSED METHOD — PERSON-TYPE FLOW PROCESS CHART UTILIZING
PREPRINTED SYMBOLS AND SHOWING RESULTS OF USING ANALYSIS-
ACTION COLUMNS ON FIG. 6a.
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IDENTIFICATION FLOW PROCESS CHART . SUMMARY Ve .
SUBJECT CHARTED _RELIEP vALVE s0OY CHART wo, 102! TOTAL YEARLY SAVING-DIRECY LABOR PRESENT ETHOD [PAOPOSED weTHOD]  DIFFERTNCE
A 16150
DRAWING NO, _A - 520652 PART MO, . TYPE OF CHART $2200 00 UNIT COST.DIRECT LABOR & INSP, .300 278 02
POINT AT WHICH CHART SEGINg _DECEIPT OF REQUISITION FROM MACHINE SHO SHEET N0, —L0F | __SHEETS
WEAR STOCK 3TOREROOR S 1 DISTANCE TRAVELED IN FEET 738) 1843 8540
LOCATION CHARTED 8y L. Sm INSTALLATION COST OF PROPOSED
POINT AT WHICH CHARY ENDS 3TORING OF FINISHED PRODUCT IN $TOREROOM pate_98 43 METHOD NO.|TWE 1N HRS. HO, frime in i) 10, | TIME h iRs,
LOCATION ASSEMBLY STOREROOM APPROVED BY_J. Jones 15000 O oreravions L] L] 7] 3084 ! 0178
QUANTITY INFORMATION OATE 22 43 ) TRANSPORTATIONS o] .oes o] oo | |  coss
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) PACKING 80 HOLDS 23 8ODIES PRomL)t':ﬂon 100,000 PIECES -—%i"c"ms 20083 1 ) 2085
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STORAGES 2| s Y 000 | 380
PRESENT METHOD PROPOSED METHOD
oISt | unil | UNIT | UNIT . OISt | UNIt | umt [ uwit AY
QUANTITY P olnspect) OELAY Ktonage|  JouanTiTy f DELAY Is10Ra0E
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chart to conplete the necessary prelimnary inform-
tion.

2.5.9 The chart proper is begun by recording in the
first colum under the head of “Present Method”
the quantity unit being charted at the beginning
of the process. A brief description of the event
which first occurs is entered in the third colum. In
Figure 7 this is “Bar loaded on truck upon receipt or
requisition frommachine shop (2 men)”. This is
classed as an operation. It is the first operation which
has occurred, so the nuneral 1 is placed within the
operation symbol in colum two. The information
concerning this first event is completed by recording
the total distance the bar is moved and the unit tine
for moving it.

2.5.10 When the charting of the first event is com
pleted, the information regarding the second event is
entered. This is repeated until the process has been
conpletely charted. All operations, transportations,
inspections, delays, and storages are numbered serially
in the order in which they occur, with each type of
activity having its own numerical series. To complete
the chart, it is the usual practice tojoin all used
symbol s with short straight lines so that the activity
sequence of the process will stand out clearly. A
study of Figure 7 will show the conventions
followed in constructing this. type of process
chart.

2.5.11 When writing the description of events charted,
it is preferable to use the passive voice when mterial
is being fol lowed. This is logical since the mterial
Is the object of all the actions taking place and cannot
of itself initiate action. It further helps the chart
maker to keep his attention focused on the material
being followed, instead of becoming sidetracked by
following an operator or the individual involved in
the move.

2.5.12 Mhen writing the description of events on a
person-type process chart, the active voice is used,
because the person who is being followed is the one
who initiates the action.

2.5.13 Whenever an activity outside of the scope of
the investigation occurs, it is the convention to
break the vertical process line (or the connecting
ling) at the point where the interruption occurs by
drawing two wavy horizontal |ines about [%in.
(40 m long and Yain. (5 mm) apart, centered
with respect to the vertical (or connecting) Iine.
An activity outside the scope of the investigation
IS an operation, transportation, inspection delay,

13
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delay, shortage, or series of these which for any
reason the investigator considers unnecessary or
inpractical to analyze during the current study.

2.5.14 The arrow which is used for the transportation
synbol may be drawn as a straight line with arrow
head as_ when not preprinted or drawn with the
aid of a tenplate. The symbol may be given additional
meaning by changing its direction. Wen the arrow
points to the right, the material is represented as
progressing in the proper direction. Wen the arrow
points to the left, backtracking is indicated Upard
mvement of the material is indicated by pointing the
arrow upward, and downward movement by pointing
the arrow downward.

2.6 Use of A Summary Form

To bring out clearly the difference between the
present and the proposed methods, a summary form
IS provided in the upper right hand corner of Figure 7
The summary provides space for recording the tota
yearly labor saving, the cost of putting the proposed
method into effect, and the estimted net saving for
the first year. This information is supported by a
sumary of the detailed changes in terms of unit cost
distance traveled, and nunber and time of operations,
transportations, inspections, delays, and storages
under the present and proposed nethods. No direct
monetary savings are usually shown as resulting from
reductions in distance moved or storage or delay
time, as it is difficult to measure accurately savings
emanating from these sources. Experience, of course
indicates that when distances moved or storage or
delay times are decreased, the operation of the
plant is nore effective, so the results acconplished
In this direction are recorded in the summary

2.7 Concl usion

2.7.1 A process chart is a schematic or tabular repre-
sentation of events and information pertaining thereto
occurring during a series of actions or operations. Its
purpose s to present a picture of a given process so
clearly that an understanding of its every step will be
gained by all who study the chart.

2.7.2 The principles and practices described herein
have been selected from those in use, because they
appear to give a clear, practical portrayal of the kind
of activities with which process charts are most com
monly used. Although these principles and practices
Wil probably apply satisfactorily to the great mjority
of processes charted, it is recognized that there may
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be cases in which it will be felt that the process will
be made clearer if practices not covered by the
standard procedure are introduced.

2.7.3 The examples shown in this edition have been
drawn from industrial applications. It should be
noted, however, that the process chart is admrably
suited to the study of paperwork systems and proce-
dures. For such analyses, the usual chart is mde to
portray the flow of each copy of a multicopy form

14
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Then, the chart for each copy is redrawn on paper
of sufficient size, leaving spaces for noting actions
taken on other papers and records affected.

2.7.4 1t is recognized that departures from standard
practice may be permissible if clearness of presenta-
tionis gained. A the same time, in the interest of
standardization it is recomended that the principles
and practices described under the head of Myjor
Conventions be adhered to whenever possible.
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TYPI CAL PANEL ASSEMBLY OPERATI ON

The operation process chart here indicates those activities for flat panel
assenblies starting at the panel Iine.

PLATES PLATE  ASSEMBLY
? Check Over Plates
6 Fit and Tack
I
7 Weld Side 1
| (two-man crew
8 \Veld Side 2
| (two-man crew
? Grinding
3 checkWl|l and Ginding
‘ on Plate Assenbly
(2) PLATE ASSEMBLI ES -

10 Layout
| (two-man crew
4 Check Layout

11 Fit and Tack
| (2-man crew
12 \Weld Side 1

13 Weld Side 2

14 Layout
(15) Longitudinals
15 Fit and Tack
4 (4-man crew
5 Check for poor

Tacki ng
el d
(3) Wb Framas—-—_} (2-man crew
Sumary |Qperations | Inspections | Total Fit and Tack
Hour s (2-man crew
Present 18 wveld
Met hod 14 5 96. 6 | (6-man crew)
Proposed 19 Gind
Met hod
Savi ngs 6 Final check
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TYPI CAL PANEL ASSEMBLY

The following is a detailed description of the steps required for the manufac-
turing of a typical panel assenbly. The flow process chart symbols and dis-
tances have been onitted.

Distance (in ft.) Synbol Description

1 Raw plates stored in a steelyard.

A 15-ton cantilever gantry crane
(magnetic) noves the plate fromthe
steel yard to a conveyor system
that feeds the wheel abrator

2 Shot blast plate to remove mll
scale (Note: plate is not prined at
this tinme.)

1 Check for mll scale and rust.

Move plate on conveyor to coll ocator
car. The collocator car delivers
the plate into the burning table

ar ea.

3 Plate is held on the collocator
track bed until needed.

Move plate fromstorage to the
burning machine with a 10-ton bridge
crane (magnetic).

4 Plate is cut to correct shape and
| ayout coordinates are marked on the
plate, both nunerically controlled.

Mve plate to holding area using a
10-ton bridge crane (magnetic).

5 Plate is held for next operation.
2 Check for correct edge preparation.
Plate is moved to panel line Station

1 using a 10-ton bridge crane
(magneti c)

-24-



Distance (in ft.)

Description

10

11

12

13

14

-25-

Panel line Station 1: two or more
plates are aligned and tacked
together to form a plate assembl y.

Plate assembly is noved to Station 2--
using panel line power chain.

Panel |line Station 2: weld. \Weld
assenbly on Side 1.

Plate assenbly is noved to Station 3
using panel line power rollers.

Panel line Station 3: turn plate
assenbly over (180°) with a Wirley
crane, and weld assenbly on Side 2.

Gind off weld splatter.

Check plate assenbly for weld
splatter renoval.

Plate assenbly is noved to Station 4
using panel line power chain.

Panel line Station 4. hold for
removal from panel |ine.

Mve plate assembly to platen using
a Wirley crane.

One or two plate assenblies are |aid.
out (pitched) for alignment.

Check layout alignment.

Two or nore plate assenblies or
plates are aligned and tacked
together to forma panel assembly.

Vel d, assenbly together on Side 1.

Turn panel assenbly over with a
Whirley crane and weld assenbly on
Side 2.

Layout panel assembly for |ongitudi-
nals, stiffeners, and web franes.



Distance (in ft.)

Synbo

<Q))DD

Description

15

16

17

18

19

20

20

10
22

-26-

Fit and tack longitudinals or stif-
feners to panel assenbly, using
10-ton sem gantry crane to position
| ongi tudinal's, which are staged on
platen for this operation

Check assenmbly position before
vel di ng.

Vel d longitudinals or stiffeners to
panel assenbly.

Fit and tack web frames to panel
assenbly, using a 10-ton sem gantry
crane to position web frames. Wb
frames are staged on platen for this
operation

Vel d web frames to panel assenbly.

Move panel assenbly from platen to
gritblast using a Wirley crane

Remove weld splatter and grind off
all sharp edges.

Githlast panel assenbly.
Check gritblast results.

Move panel assenbly gritblast to
painting area using a Wirley crane.

Pai nt panel assenbly (priner).

Panel assembly is moved from paint
area to storage on the erection site.

Stage panel assenbly for erection.

Panel assenbly becones part of the
ship.
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TRANSPORTATI ON_ DI STANCES

Transpor rtation Nunber Di stance in Feet

85
390
50
65
255
50
50
30
890
1,250
730
12 860
13 Use your own
14 estimate if
15 necessary

- -
PO womoNo ol W
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LI NEAR _RESPONSI BI LI TY CHARTING (LRQ)

Clear up organizational confusion through a technique called linear respon-
sibility charting or LRC. LRC provides a way to pin down who does what about
what, and who is really responsible. It aids in elinmnating job duplication,
and reducing uneven workloads. Linear responsibility charting (LRC) is fast,
cheap, and sinple enough to be used in the smallest shipyard.

LRC can make quick common sense out of stacks of organizational paperwork. The
typical shipyard uses charts and graphs trying to clarify how it “works.”

Organi zation charts are fanmiliar to all. Job descriptions have been used to
assign specific tasks, and overall work flow charts usually are stuffed into the
thick organizational procedure manuals. It is a small wonder that the results

are usual Iy outdated, somewhat vague, and and possibly conflicting. The chances are
excel lent that the charts do not cover everything. For the new man who nust
wade through the committees, the unofficial systems, the paperwork, and the com
pany diagrams, it can be very difficult just to find out who does what.

Wth Lrc, it is possible to present the facts on one small chart that were
attenpted to be presented in the standard organization manuals. There are added
features as well. Charts not only show who does what, but also who the worker
reports to, consults with, the kind of workload the worker is carrying, and how
the worker’s job fits in with others. LRC can help elimnate responsibility
arguments and cut through the red tape of seeking too many approvals.

LRC charts are constructed with the job titles or the organization units listed
across the top of the chart. The specific responsibilities or duties are |isted
down the left side. Were the two categories neet, a code is used to show if
that person performs the work, supervises it, or influences it; in general, what
that person does in regard to certain responsibilities. [In this way, the LRC
chart shows interrelated job responsibilities. It defines exactly how each job
is done and how each man fits into the organizational structure. (Refer to
Figure 2 in this section to see a conpleted LRC char t.)

The vertical colum under a person’s job shows every contribution to be nmade by
the person with that job. For each of the tasks listed on the left side of the
chart, a horizontal colum shows the division of responsibility for the task

listed. The LRC chart shows a quick, sinmple, nmanagement roadmap. It is easy to
foll ow and easy to update

How is LRC used? LRC was originally developed as a means of organizational ana-
lysis, but its versatility caused it to spread into other areas. LRC is used in
organi zations today to help cut the cost of overhead, discover needs for
training, show up areas of responsibility weaknesses, elinminate bottlenecks
smooth out workl oads, discover enpire building and overlapping areas, sinplify
paperwork, and aid in decision-making.

LRc al so help inplenent the one-tine organizational change such as the
decentralization of authority or inprovenent of procedures

-28-
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LRC charts can be put to additional use by using transparent overlays to show
individual efficiency. The overlays show the breakdown of specific jobs accor-
ding to the percent of effort spent on supervisory, routine, or consulting
types of activities. Overlays also can be used for conparing present wth pro-

posed procedures by adding costs, man-hours, or the number of steps involved in
performng certain tasks.

In-preparing linear responsibility charts, keep in mnd that the preparation of
the chart is usually nmore inportant and brings about nore inprovenent than
actually using the chart after it has been prepared. It is the preparation
phase of the chart that shows up the uneven workl oads, the confusion, and ot her
poor organization practices. The preparation of an LRC chart is a precise and
tinme-consuning job. Make a decision about exactly what you are trying to do
Remenber that functions are usually perfornmed by organizational units, but work
is performed by people. Use separate charts for each and linmt the scope of the
chart. In most conpanies, it would be unwise to mx clerks and executives in
the same chart since this would involve too many unnecessary and distracting
details. Keep in mnd also what the chart is designed to show. You may want to
show an entire function such as industrial engineering or a procedure such as
providing tools, materials, and nethods for a new class of ship. Keep each
chart sinple so it is easy to use

Chart |anguage must be uniform Inprecise wording on the chart will ruinits
effectiveness. Wrds such as “conduct” or "admi nistrate can have. different
meanings to different people. Job titles can be obtained from conventional com
pany sources, but their functions and how they are performed will have to be

deci ded by interviews with each of the people or the units involved. It is the
job of the person conducting the interview to pin down what goes on in fact, not

what is supposed to happen; people have a natural tendency to be inpressed with
the inportance of their own jobs.

Interviewers nmust be sure what they are told to correct. They nust interview
people in small related groups. This way they act as checks and bal ances on
each other, and will challenge inmediately any statement that conflicts with
their own concepts of the job. Questions nust be asked to find out who really
calls the shots, or does the actual work, or takes the responsibility. Usually
conflicts will be resolved by the general agreement that only one person can
have the responsibility.

The interviewer often will hear answers such as “we admnister that,” or “we
expedite this.” Keep probing until the specific activity is revealed. Find out
who does the work or who takes the action. This worker is the key to that par-
ticular task. \Woever the worker reports to or checks with and who the worker
gets information fromcan then be related to the key person.

Each work description nust be boiled down to one crisp clear line. Since the

i dea of the LRC chart is to find out what people do and not how inportant they
are, begin each task with an active verb. For exanple: approve purchase order,
i ssue route sheet, estimate labor costs, determne operation sequence. Each
I'tem must have a well-understood nmeaning.
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Wien this phase has keen conpleted, the appropriate codes can be added to the
chart. There nust be at |east one “work is done” code on each horizontal I|ine,
al though other codes may be used.

In the following figures, Figure 1 shows the codes that are used in constructing
an LRC chart with their definitions, and Figure 2 shows a conpleted LRC chart.

-30-
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Figure 1

DEFI NI TI ONS OF SYMBOLS FOR LI NEAR RESPONSI BI LI TY CHARTI NG

1

Work I's Done.” Theactivity-is actually performed by the individual filling
the position.

CGeneral Supervision. Covers the inportant aspects of general planning, dele-
gation, and control. No detailed supervision.

Direct Supervision Over Wrk Done. C ose supervision, usually covering the

details of work perfornmed by a subordinate. May involve “hour-to-hour” or
“day-to-day” supervision.

Supervision with Coordination. Applies to supervising several individuals

working on the sane activity, where a unified approach is necessary. Can be

conpared with supervision exercised by the chairman of a commttee or a
board chai r man.

Deci sion on Points Specially Submitted. Applies to decisions on special

points by a person other than the one responsible for the activity. Most
frequent exanples include:

- decision on specific technical points when a specialist is best
qualified to make it

- decision on minor points del egated by a manager to a subordinate

decision on major points retained by the nmanager. The rest is del egated
to a subordinate.

Person MustBe Consulted. Before a decision is taken, the individuals whose

jobs are marked with this synbol nust be consulted.

Person MustBe Notified. The individuals whose jobs are marked with this

synbol nust be advised -- verbally or in witing.

Person May Be Called In for Exchange of Views. The enphasis is on may.
There is no obligation to consult, or rights of consultation.
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Figure 2

LI NEAR RESPONSI BI LI TY CHART

Job Title or Position

Met hods/ Cost
| nprovenent Program Py & /%
INIL IV SIEN &/

Seq. | Area of Responsibility or Duties A[B|c [D|[E|F|[G|H|I|J|K
1 Review potential cost imp. 712(1(6 6 |6
2 Evolve specific imp. projects 71112]13]|1]8
3 Select projects to implement 517 (321 [3]|8
4 Reconcile differences of opinion 413111311 |

|
5 Initiate project/estab. schedule 81114131 i
6 Implement project 7 311 i
7 Control at yard level 717 3|1
8 Control at top mgmt. level 71311 7
9 Take remedial action if lagging 21616]13]1]|8]38
10 Reconcile opinions on rem. action 411161 1]1)|8]8
Legend

]

Definition No. Definition i No
Wrk |s Done Deci sion on Points Submtted
General Supervision Person, Must Be Consul ted

Direct Supervision over Work Done

Person Must Be Notified

Supervision with Coordination

Bl W] O] —

May Require Exchange of Views
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LI NEAR RESPONSI BI LI TY CHART

Job Title or Position

Seq. | Area ofResponsibility or Duties

Legend

Definition No. Definition No.
Wrk |s Done 1 Decision on Points Submtted
General Supervision 2 Person Must Be Consulted 0
Direct Supervision over Work Done 3 Person Must Be Notified .
Supervision with Coordination 4 May Require Exchange of Views




Here is a tool that is used in organization analysis to help cut

overhead costs,

uncover training needs, spotlight areas of responsibility

weaknesses, break bottlenecks, balance work loads, discover empire

building, and simplify paperwork control and decision making.

DoNALD W. BARNES, Serge A. Birn Company, Louisville, Kentucky

There is a fast way to clear up or-
ganizational confusion. The tech-
nique is called Linear Responsibili-
ty Charting (LRC). LRC provides a
way to pin down who does what
about what, and who's really re-
sponsible. It also aids in cutting
down organizational confusion, in
eliminating job duplication, and re-
ducing uneven work loads. Another
redeeming feature of LRC is its
ability to cut through red tape. Lin-
ear responsibility charting is fast,
cheap, and simple enough to be
used in the smallest plant.

LRC can make quick common
sense out of stacks of organization
paper work. The typical company
will use charts, graphs, and what
have you, trying to clarify how they
“work.” Organization charts are
familiar to all. Job descriptions
have been used to assign specific
tasks, and overall work flow charts
also are usually stuffed into the
thick organizational procedure
manuals. It is a small wonder that
the results are usually outdated,
somewhat vague, and possibly con-
flicting. The chances are excellent
that they still do not cover every-
thing. For the new man (who must
wade through the committees, the
unofficial systems, the paper work,
company diagrams, and what have
you) it can be very difficult just to
find out who does what!

LRC cuts through this mountain
of paper work. It is possible, on
one small chart, to present the facts
that were attempted to be presented
in the standard organization man-
uals. There are added features as
well. The charts not only show who
does what, but also who he reports

to, consults with, the kind of work
load he is carrying, and how his job
fits in with those of all others. It
can help eliminate responsibility
arguments and cut through the red
tape of getting too many approvals.

Construction

Linear Responsibility Charts are
constructed with the job titles or
the organization units listed across
the top of the chart. The specific
functions or duties are listed down
the left side. Where the two axes
meet, a symbol is used to show if
that person performs the work, su-
pervises it, influences it, or what. In
this way, the chart shows interre-
lated job responsibilities. It defines
exactly how each job is done and
how each man fits into the organi-
zation stiucture. It shows who gets
into the act and why.

Figure 1 shows a completed lin-
ear responsibility chart. Notice that
the vertical column under a partic-
ular person’s job shows every con-
tribution that is to be made by the
person with that job. For each of
the tasks listed on the left side of
the chart, a horizontal column
shows the division of responsibility
for the task listed. In other words,
the chart shows a quick, simple,
management roadmap. it's easy to
follow and easy to update.

Figure 2 shows the symbols that
are used in constructing a linear re-
sponsibility chart, including a defin-
ition of each symbol.

use

How is LRC used? LRC was orig-

inally developed as a means of or

ganizational analysis, but its ver-

satility caused it to spread into other
areas. LRC is used in organizations
today to help cut the cost of over-
head, discover needs for training,
show up areas of responsibility
weaknesses, break bottlenecks,
smooth out work loads, discover em-
pire building and overlapping
areas, and simplify paper work con-
trol and decision making.

LRC has also been found useful
in helping to implement the one
time organizational change, such as
the decentralization of authority,
or improvement of procedures.

Linear responsibility charts can
be put to additional use by using
transparent overlays to show in-
dividual efficiency. The overlays are
used to break down specific jobs
according to the percent of effort
spent on supervisory, routine, or
consulting types of activities. It can
also be used for comparing present
with proposed procedures by add-
ing costs, man-hours, or the number
of steps involved in performing cer-
tain tasks. LRC is very adaptable
and precautions are usually neces-
sary, once LRC has been intro-
duced, to keep down the number of
incompatible charts that could be
used. There is a tendency to record
all of the old confusion in a new
format.

Preparation

In preparing linear responsibility
charts, one must keep in mind that
the preparation of the chart is usual-
ly more important, and brings
about more improvement than ac-
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tually using the charts after they
have been prepared. It is the prc -
aration phase of the chart that
shows up the uneven work loads,
the confusion, and other poor -
ganization practices. The finist |
chart is often anticlimatic. :

The preparation of a linear re-
sponsibility chart is a precise a 1
time-consuming job. The first s >
is to make a reasonable decision
about exactly what you are trying
to do. There is a tendency to -
tempt to start off too big at fii__.
Remember that functions are usual-
ly performed by organizatior~l
units, but work is performed by p -

DIRECTOR OF PROCUREMENT

/ EXECUTIVE COMMITTEE PROCUREMENT & ple. Use separate charts for eacn
~' - -
; 5 STAFF PURCHAS. [O [ MATERIALS /& and limit the scope of each chart.
b~ . .
#/3 ] g 7. g In most companies, it would be 1 -
& (37 w . . .
£[8 s [818/&§13/68/5/3/8 £ - wise to mix clerks and executi
g/=/8 £/E/5/= & g N ~ v . . .
1IN EINER E/53/2/& sfgfg) n the same chart since this wouild
y L3 (23 .
& gle g[SS5 §§§ 5 3 & 5{ £ 5 8/8 involve too many unnecessary and
g ; /s § £ : YN NE 5/s i & distracting details. Keep in nu |
I~ 2 3 . .
AN EIN R IE EEHEE NS also what the chart is designed >
gfafafwfoC NETEIRTE Hefefef =y
& g Slefs) s/ §f & &« 55 ¢lelefsf )@ show. You may want to show an en-
T /3 2f pf2) ¥/ <[ 3] o) 2] £ 3 3 tire function, such as industrial en.

o AN Al A A A A i gineering. or a procedure. such
ANALY ZE ECONOMIC CONDITIONS |1 EPA Ol|o[O roviding tools, rates, and methe.a
1 TS £
VELOP STATISTICAL REPO . F T .
CERNETURE MARKETS 2| PA for a new product line. I!u nutin
v Al AND — —| 1 . o ar
INTER-COMPANY PROCEDURES = = = idea isto keep each chart simple
« [ contRoL auaiTy ano inspeCT ”H “" that it's easy to use.
% Iy P . . M .
& [CANALYZE AND PROTECT ) '(,Imrl lag)gl.uge must be unilo .
IRANSPORTATION COSTS & TRAPFC Wrong wording on the chart will
 roure ano taace suimuents  Jo| D IR MR || ruin the effectiveness of it. Wo
IN ADVANCE . 7 /A = — such as “conduct™ or “administra
Y, - -
ESTABLISH SOURCES OF SUPPLIES _ |8 %Y can have very different meanings to
TNEGOTIATE VERDOR : fles can he
AGREEMENTS AND CONTRACTS 9 % dlffe?ent })?O[)]C. _]ob llEl(.b can e
LA AN, 1d . = obtained from convenional ¢
Q["RESEARCH AND DEVELOPMENT OF 7/ pany sources, but their functic..s
Z | _NEW MATERIALS 11 /] b :
2[SUGGEST MATERTAL SPECS AND 1 y/ and how lhe)‘. are performed will
9 }-QUALLTY STANDARDS 77 have to be decided by way ol in’
2| DEVELOP STANDARD MATERIAL PRICH 5 // ¢ . et )
7 views with each of the prople or ¢
CONTRoL STD PRICE LARUTOT 7 units involved. It is the job of e
MAINTAIN 600D Saunce ReLamows |, D7 OO0 |01 O 53 person conducting the interview to
PRODUCTION SEHEDULING - " 1§ = pin down what goes on in fact, 1
Z{ Wiy BAUANCED INVENTORY 4 H= what is supposed 1o happen. ‘1
% [TRELEASE S EXPEDITE SHPRERTS [ A is not as easy as it sounds. People
o .
O [TRECEASE & EXPEDITE SHIPHENTS | /A % have a natural tendency to be im-
2 e~ TerIAL PECORDS WO, pressed with the importance of th 1
= MAINTAIN MA 1AL 24 7 . .
?—' UPDATE BILLS OF MATERIALS “” VlV/IV O“‘n_ JObb" X
3 & V.17 // I'he interviewer must also be
MAINTAIN GOOD PLANT RELATIONS 2270 O] |O]O} |O]0JOI0 0lo|O /A, sure that what he is told checks ot
RECEIVE INCOMING MATERIALS = b3 [ITIRIHNINIDEZZ The helpful way of doing this it o
o . - .
Z | SORT FABRICS & TABULATE 24 il interview people in small rela..d
g SORT MATERIALS IN WAREHOUSE |25 L groups. This way they can act a~
& [ FiLL wanenouse suippInG OROERS be| |4 u T checks. and balanceﬁs on czfch otl
= A7 and will challenge immediately :
SHIP FROM WAREHOUSES TO PLANT 27' / . N 3
statement that conflicts with the

Figure 1. Example linear responsibility chart, a procurement division. own concepts of the job. Question-
at this point must be asked to f «
out who really calls the shots. 1
does the actual work, or takes the
responsibility from that point. Usu
ally the conflicts will be resolved
Many times the interviewer ..l



get answers such as “we administer
that,” or “we expedite this.” But
he must keep probing until he
breaks it down to the specific ac-
tivity itself. He must find out who
does the work or who takes the ac-
tion. This person is the key to that
particular task. Whoever he reports
to or checks with, and who he gets
his information from can then be
related to that one person.

Each work description must be
boiled down to one crisp, clear line.
Since the idea of linear responsibili-
ty charting is to find out what peo-
ple do and not how important they
are each task should begin with an

fi G, AU AR SIS L Raes il a

active verb. For example: approve
purchase order, issue route sheet,
estimate labor costs, determine op-
eration sequence. Each item must
have a meaning that is easily under-
stood.

When this phase has been com-
pleted. the appropriate symbols can
e added to the chart. There must

at least one "work is done” sym-
+ )l on each horizontal line; other
symbols may or may not be used on
the same line.

If you find a real need to clear up
organizational confusion or cut
through red tape, you might con-
sider using the techniques presented
here. Linear responsibility charts
can make common sense out of
stacks of paper work. »

Donald W. Barnes is Training
Director for Serge A. Birn Com-
pany. responsible for the com-
pany’s development of 1E-orient-
ed training programs.

Before joining Serge A. Birn,
he worked as an industrial engi-
neer with Sunbeam Electronics,
Fort Lauderdale. and as a train-
ing coordinator for Maynard Re-
search Council, Pittsburgh.

Mr. Barnes is a graduate of the
productionmanagement program
at Pennsylvania State University,
and is a licensed MTM instruc-
tor. He is a senior member of
AllE.

WORK ISDONE - The activity Is actually performed by the
individual fflling the position.

X B

2. GENERAL SUPERVISION - Covers the important aspects of
general planning, delegation, and control. No detailed supervision.

DIRECT SUPERVISION OVER WORK DONE - Close supervtsion,
usually covering the details of work performed by a subordinate.
May Involve “hour-to-hour” or “day-to-day” supervision.

4. SUPERVISION WITH COORDINATION - Applies to supervising
several individuals working on the same activity, where a unified
approach is necessary. Can be compared with supervision
exercised by the chairman of a committee or a board chairman.

DECISION ON POINTS SPECIALLY SUBMITTED - Applies to decisions
on special points, by a person other than the one responsible for
the activity. Most frequent examples are:

N B

- decision on specific technical points when a specialist
is best qualified to make it,

- decision on - points delegated by a manager to
a subordinate,

- decision on mojor retained by the manager.
The rest is delegated to a subordinate.

E 6. PERSON MUST BEOONSULTED - Before a decision is taken, the
individuals whose jobs are marked with this symbol MUST be con-
sulted. His opinion must be heard, though it need be followed.

[[m] 7. PERSON MUST BE NOTIFIED - The individuals whose jobs are
marked with this symbol MUST be advtsed -- verbally or in writing.

| OI 8. PERSON MAY BE CALLED IN FOR EXCHANGE OF VIEWS - The

emphasis is on “may’. There is no obligation to consult, or
right of consultation.

Figure 2. Sandard symbols used in linear responsibility charting.
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WORK _MEASUREMENT TECHNI QUES

“Work ness urement is the application of systematic techniques to determne the
work oontent of a defined task and the corresponding tine required for its
conpletion by a qualified wker. " (1) There are various techniques that have
been used for work measurenment, such as the use of historical data, estimates,
stopwatch time studies, predete rmned tines, standard data, work sanpling, and
mat hematical techniques. The three predom nant methods for determ ning

engi neered work standards are tine studies, predetermned nmotion and tine
systems (PMIS), and standard data. These techniques are primarily devel oped for
work at a specific conmpany. As a result, nost of the specific standards and
PMIS devel oped are proprietary and are usually not available. However, some
of the standards and specific PMIS are available through the conpany or as so-
ciation that devel oped them The best source of information would be from that
as sociation or conpany. (1)

Listed below are some frequently used work neas urement techniques, and a
description of each.

Sci ence Managenent Cor poration
WOFAC Divi sion

P. O Box 6800

1011 Route 22

Bri dgewat er, NJ 08807

(201) 685-9000

Contact: Jim MQurk

1. DETAILED WORK-FACTOR developd from motion tine studies using stopwatches,
phototiners, films, and fast film snaps hots

2. MENTO-FACIOR SYSTEM  devel oped to determine the time required for menta
processes such as those involved in decision-naking

3. READY WORK-FACTOR wuses sinplified Detailed Wrk-Factor time values

4, BRIEF WORK-FACTOR sinplified system developed for measuring nonrepetitive
wor k

5. WOCOMt conputerized system using detailed and Ready Wrk-Factor and MIM 1)

MIM Associ ation

16-01 Broadway

Fair Lawn, NJ 07410

(201) 791-7720

James P. O Brien, Executive Director

Met hods Tinme Measurenment Systenms (MM

1. MM1: “mml is a procedure which analyzes any manual operation or nethod
into the basic notions required to performit and assigns to each nmotion a pre-
determined time standard which is determned by the nature of the motion and the
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conditions under which it is made. . .The MIM1 system consists of seven action
categories containing 24 basic hand, arm eye and body notions.” (2)

2. MM 2: second 1 eve 1. twice the speed of analysis of MIM1 but |ower preci
sion

3. MM3: third level, seven times the speed of analysis of MIM1, used where
| ess detailed methods description is required and where reduced precision can be
tol erated

4, MMMGD  (General Purpose Data): functional and generic, uses second |evel
pertaining to use of hand tools and third level for clanping and vising

5 MMC: functional, for use with clerical systems, on two |evels--second and --
third

6. MMV : functional, for machine tool users
7. MIMM used with assenbly under stereoscopic m crosoopes
8. 4M (Mcro-Mtic Mthods and Measurement Systems): conputerized mwm1

9. ADAM (Automatic Data Application and Mintenance): conputerized MM devel -
oped for desktop conputers

ADAM2 :  conpute rized mrw2

ADAMC :  conpute rized MIMC

ADAMV : conputerized MIMV (1)

MEK and UAS Hi gh order systens for small [ot/high |abor content jobs.
MI'M ASSOCI ATI ON OFFERS BROCHURES AND SEM NARS ON THEI R SYSTEMS

Valter Erwin

I ndustrial Engine ering Services, Inc.
Route 7, Box 289

Rock Creek Road

New Bern, NC 28560

(919) 637-2471

Keith Burnett

Managenent Training Australia
The Vintage, Unit 11

281 Sussex Street

Sydney 2000

AUSTRALI A

1. MODAPTS (Modul ar Arrangenent of PTS) : second level, and the basic unit is
sinple finger novenent

2. Ofice MXDAPTS - for clerical standard data
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3. Transit MODAPTS - for warehousing and materials handling standard data (1)

Serge A Birn Co.

1049 Bar dst own Road

P. 0. Box 4155
Louisville, KY 40204
(502) 451-6640

Contact: Harold Nance

1. Master Standard Data (1&SD): second level, MIM1 data based on manually
control |l ed operations where production was |ess than 100,000 units\yr, since
the operator would |ose nost of skill in between runs

2. Master Cerical. Data (MD): a set of standard data devel oped from MM
systems dealing with clerical functions (1)

3. MCD-MOD II: Ccnputerized MCD. “The software will handle any work measure-

nment approach with a specific code for each notion or elenent. It is witten in
standard COBOL using Direct and Indexed files and will run on a Mainframe or |IBM
Personal Conputer. It operates on-line even though the illustrations utilize a

batch mode form " (3)

SERGE A. BIRN HAS A TRAINING SCHOCL I N CI NCI NNATI FOR MM MsSD, MCD,

MOTI VATI ON- PRODUCTIVITY , TI'ME STUDY, METHODS ENG NEERI NG AND SUPERVI SCRY
| MPROVEMENT.

H B. Maynard & Co.

235-T Alpha Drive

Pittsburgh, PA 15238

(412) 963-8100

CONTACTS FOR | NFORVATI ON

A, Ken Merino (conputers)

B. Kjell Zandin (computer cost and estinmate)

1. MOST (Maynard QOperation Sequence Technique): based on MIM1 and MIM 2, con-
sistently repeated sequences of notions are nodified and reduced in nunber

2. Mni MOXST. designed to neasure identical, short-cycle operations, con-
centrates on one aspect of the work spectrum

3. Maxi MOST: designed for |ag-cycle heavy assenbly or machining operations

74, Universal Maintenance standards - practical standards which act as guide-
lines for a worker’'s performance

THEY ALSO HAVE MOST COVPUTER SYSTEMS , AND M CROMOST ESPECI ALLY DESI GNED FOR
M CROCOMPUTER . (4)
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Robert E. Nolan Co. , Inc.

90 Hopreadow Street

Sinms bury, CT 06070

(203) 658-1941

Contact: Robert E. Nolan, President

1. Advanced Office Controls (AOC ): “ACC is a third generation predeternined
time systerm ACC is based on Methods-Tine Measurement (MM, the world’ s nost
widely used first generation predetermned time system AQC is used to anal yze
all levels of office activity, and to accurately and econonically devel op stan-
dards. These standards are used to nonitor enployee effectiveness, analyze pro-
cessing sy?t)ems, devel op manpower budgets, and cost and price products and
services. " (5

2. Automated AOC. “Auto-Aoc is a conplete package of conputer hardware and
software. " Auto AOC produces Task Qutline, Task Analysis, and Task Summary. (5)

Uni vation Systens
General Specifications
Management Sci ence, Inc.
4321 W Col | ege Avenue
Appleton, W 54911
(414) 739-3616

1. UnivEl: System for standard time/methods instructions anrd data base genera- |,
tion. °

2. MutiComp: Mass updating capability system for standards, methods, and data
bases.

3. UniForm  Systemto generate stardards for formerly “unmeasurable” jobs  such
as shipping, receiving, tool control, etc.

4. MniConp: A system utilizing established nethods and uni que variables to
rapidly and efficiently set standards. (6)

INFORMATION ABOUT ORDERING GOVERNMENT STANDARDS (DOD 5010.15. I-M) IS AVAILABLE
FROM:

Publications Division
Di stribution Branch
DASC-PD (M. Butler)
DLA: Cameron Station
Al exandria, VA 22414
(202) 274-6011

BASI C VOLUME, GENERAL GUI DANCE, JUNE 1977- St andar di zes ' instructions, guidance,
methods, terminology, for standard time data, work measurement, and the develop-
ment of labor standards.

- 35-



2
2=

NV

A

VOLUME |1, CLERI CAL AND SALES OCCUPATI ONS, DECEMBER 1975- Provi destandard time
data for establishing |abor and performance standards for clerical operations
such as typing filing keypunching, etc

VOLUME | I'l, SERVI CE OCCUPATI ONS, JUNE 1975-Provides standard tine data for:”
establishing |abor performance standards for service operations such as jani-
torial work, building services, and shoe repair.

VOLUME 1V, FARM NG FI SHERY, FORESTERY AND RELATED OCCUPATI ONS, JUNE

1975-Provides standard time data for establishing |abor performnce standards
for operations such as gardening and grounds keeping.

VOLUME V, PROCESSING OCCUPATIONS, JUNE 1975-Provi des standard tinme data for

establishing |abor performance standards for processing operations such as
el ectroplating, pickling, cleaning, and decreasing, heat-treating, etc

VOLUME VI, MACHI NE TRADES OCCUPATI ONS , NOVEMBER 1974-Provides standard. tinme data
for establishing |aker performance standards for machine- trades operations
(includes mechanical equipment repairing) such as boring, mlling, grinding

| athe operations, etc. and aircraft, vehicle, and engine naintenance

VOLUME VI, BENCH WORK OCCUPATI ONS, FEBRUARY 1977-Provi des standard tine data
for establishing |abor performance standards for benchwork operations such as
assenbling, formng, nolding, sewing, repairing relatively small objects and
material such as netal products, electronic/electrical conponents, instruments
cl ot hi ng

VOLUME VI'I 1, STRUCTURAL WORK OCCUPATI ONS, JUNE 1975-Provides standard tine data
for establishing labor performance standards for structural operations aligned

with the building trades and major end items or products such as aircraft,
vehicles, etc.

VOLUME IX, M SCELLANEUJS OCCUPATI ONS, JANUARY 1977- (Transportation, packaging,
Materials Handling. . . )-Provides standard tine data for establishing |abor per-
formance standards for operations such as transportation services, packaging,
war ehousi ng, materials handling, etc.

VOLUME X, UNIVERS3AL, APRIL 1977-Provides standard tine data for establishing

| abor performance standards, which are general purpose in nature and support two
or nore of the occupational categories. Includes elenents such as get, place
wal k, read, wite. (7)

COWPUTER AIDED TI ME STANDARDS ( CATYS)

For more information call (703) 841-3500 (in the Washington area) or (800)
336- 3066.

Conputer Aided Tine Standards (CATS) uses the power of a conputer to provide a
rapid and sinple means for finding and retrieving standard tine data and/or

standards , and for performng the necessary conputations to build a time stan-
dard.
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ANTI G PATED USES OF STANDARD DATA

Logically, the primary use of Standard Data will be to provide a powerful tool

for ongoing industrial/manufacturing/production engineering progranms. As indi-
cated previously, the MARD funded shipbuilding industrial engineering program
is using this data with a concentration on inproved production nethods and pro-

cesses. However, several additional agﬁlications in this and other shipyard
functional areas nust be considered. e followng is a summary of anticCipated

potential applications in three functional areas:

L | ndust ri al / Manuf act uri ng/ Producti on Engi neering

a.  Methods inprovenent

h. Tool, equipnment, and nachinery evaluation; selection and
justification

¢c. Facility layout, flow, and workplace arrangement
d. Productivity inprovement, i.e. delay identification and elimnation
e. Manload balancing - critical path determnation
f. Labor incentive systens
g. Mke or buy analysis
h. Plant capacity determnation
i. Long-range facilities planning
2. Production
a. Manpower distribution and assignnent
b. Labor performance reporting and analysis

¢c. Productivity inprovement, i.e., identification of delays,
interferences, inefficiencies and possible solutions

3. Production Planning, Scheduling, and Contro

a. Labor budgeting

b. Shop scheduling

c. GCritical path devel opnent

d. Mterial requirements planning inputs

e. Goup technology (process lane) planning inputs
f.  Production cost estimting
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USE OF ENG NEERED LABOR STANDARDS | N SHI PYARDS

Before the Methods and Labor Standards Program could be introduced to shipywards

a conmon wor k neasurenment systemhad to be selected for application across the
participating shipyards. Four predetermned notion tine systens (PMIS) were
identified for application in developing labor standard data for shipbuilding.
They were:

MSD Master Standard Data

MI'M E Met hod Time Measurement Level 3

MOST Maynard Operation Sequence Techni que
MI'M GPD General Purpose Data

MsT was sel ected as the shipbuilding industry's formal predeterm ned notion
tinme systemso that standard data devel oped in one shipyard could be transferred

to another with no problem in understanding the data. MXST was chosen because
of the followng faatures

Easy to learn and understand

Can be applied from nenory

Has an accuracy of * 5% @ 95% confidence 1 evel

H gh speed of application

Met hods sensitivity

Reduced applicator deviation

Uni versal application
The standard data devel oped with MOST is presented in the Wrk Managenent
Manual . This manual is the official docunent for data application in each yard
and also provides the vehicle for transferring the data from yard to yard.
The Work Managenment Manual (WWM) provides formalized documentation for

Organi zation conditions

Standard practices

Facilities

Equi prent and tool s
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Material flow
Met hod description

 Application procedure

Each of the manuals contains all the data required for a work measurement
program for a particular area. The applicable date is usually in the format of
an easy-to-use” chart or time formula. Such a chart follows. The chart provides
all the data required to determ ne man-hours for each opration, station tine,
and el apsed time per panel. The chart is backed up with data derived for MOST
sequenced model s for nmanual operation and stopwatch readings of process tines.

Included in the tinme values is an allowance for personal, fatigue, and delay --
usual 'y 15 percent.
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WORK _SAMPLI NG

Wrk sanmpling is based upon the laws of probability. A random sanple froma
|arge group tends to have the same pattern of distribution as the |arge group.

If the sanple is |arge enough, the characteristics of the sanple will differ
very little from the characteristics of the group. The percent of distribution
of various elements, as they occur during random observations, tends to equal
the percentage of the tine spent on these various activities that would be found
by continuous observation.

The accuracy of the work sanpling study is determned by the nunmber of obser-
vations taken. A greater nunber of observations provides a higher degree of
accuracy. Thus, the accuracy of the results is a function of the nunber of
observations taken over a sufficiently long study. The number of tines a worker
or machine is observed -- working, idle, or in any other state -- tends to equal
the percentage of times in that state. This is true whether the occurrences ar
very short or extremely long, regular or irregular, mny or few.

At the outset it is necessary to decide what |evel of confidence is desired in
the final work sanpling results. The nost comon confidence interval is 95%
the probability that 95% of the random observations will represent the facts, 5%
wll not.

In designing the work sanpling study, consider the degree of accuracy. To
obtain the desired accuracy, the following formula can be used (based upon a 95%
confidence interval and assuming a normal distribution ):

‘ ————————————————————
Sp = 23M/JLLL:JLL
"N
s = Desired relative accuracy

P = Percent occurrence of an activity of delay being measured; expressed
as a decimal (for exanple, 40 %is O 4)

N= Total nunber of random observations (sanple size)

In practice, fewindustrial engineers use this formula to calculate the nunber
of observations required; it is easier to pick off the number from a nonograph
or chart. See Principles of Wirk Sanpling Chart 1 in this section for one such
handy chart.

Wrk sanpling, to be statistically acceptable, requires that each individua
novenent have an equal opportunity of being chosen; that is, the observations -
nust be random unbiased, and independent. The use of a table of random nunbers
shoul d be used to establish observation tines.

In order to understand the actual technique of prformng a work sanpling study,
turn to the Principles of Wrk Sanpling.
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Setting time standards for welding trailer frames may

seem easy. But not when twenty different models are coming
down the line, and time per frame ranges from two to eighteen
man-hours. The authors found an unusual way to develop standard data.
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Standards by the pound

To solve an unusual problem we
developed what we consider to be
an unusual yet effective approach
to standard data time formula
construction for the welding and
assembly of heavy duty trailer
frames. The formula was de-
veloped at the Fayette Division of
Dayton-Walther Corporation. Al-
though the principles used in the
formula construction were of the
standard variety, we feel that the
techniques were used in a some-
what unusual way.

The manufacturing involves a
product line of 20 models of trail-
ers, all different in size, capacity,
and/or length. Over 1,000 sep-
arate welds are required for as-
sembly of the frame alone. The
wide variety of trailers made it ap-
pear a very difficult task to set up
standard data economically. A typ-
ical trailer assembly could vary in
time from 2 to 18 man hours using
a two-man team. The trailer weld-
ing area is shown in Figure 1.

Welding standard

Semi-automatic welding guns,
using hard wire and CO,, are used
in the welding operation, and the
proper amp-volt setting for mate-
rial to be welded had been estab-
lished previously. Therefore, the
rate of deposit for a given fillet
should be constant. It was en-
visioned that the amount of weld-
ing wire used on each trailer could
be precisely proportional to the
time used to complete all welds on
each trailer frame.

To determine the process time
involved in trailer frame welding,

stopwatch studies were made of
welding-wire spool revolutions
during welding, Figure 2. These
were determined to within 1/8th of
a revolution of the wire spool. Re-
corded times were plotted against
the various numbers of complete
and partial revolutions of the
spool. The curve resulted, as ex-
pected, in a straight line. Two
quality control inspectors verified
the number of welds made on the
largest trailer used for the study
and measured the length of each
weld to the nearest 1/4 inch.

These were then compared to
the resulting time values on the
chart. The results were very
gratifying. After counting and
measuring 1,100 welds, and using
the standard times based on the
graph versus the amount of weld-
ing wire weight loss, the compari-
son resulted in 300 standard data
minutes based on the weld count
versus 303.9 minutes based on the
amount of weight loss on a reel of
welding wire. Each pound of w-ire
used indicated 10.3 minutes of
welding process time.

Supplementary t asks

Since the actual time spent using
the wel ding gun coul d now be
reasonabl y established, based on
the actual amunt of welding wire
consuned, it was now necessary to
determne what percentage of the
overall trailer assembly operation
actual |y consisted of welding proc-
ess time. Over 1,000 work sam
pling observations were made over
a four-day period. Control limts
of plus or mnus nine percent were



established to maintain statistical
accuracy. All observations were
well within these limits (minus 4.8
percent being the maximum de-
viation). The results of the study
are shown in Table I.

Performance levels of the
operators observed were noted
during work sampling. Although
there were some deviations (plus
or minus five percent variation),
an overall performance level of
100 percent was noted. To verify
this, however. the work sampling
data was tested with Master Stan-
dard Data (MSD) [Master Standard
Data, The Economic Approach to
Work Measurement, Crossan and
Nance, McGraw-Hill Book Com-
pany, . New York, New York.
1972].

Elements of some typical motion
sequences were established and
the resulting time values for those
motion patterns were compared
against stopwatch observations of
an operator performing the same
operation. In a large majority of
the observations, the operators
were within the acceptable plus or
minus five percent limits of the
MSD performance times. There-
fore. no adjusment of standards
for normal performance was re-
quired.

Application

A rate calculation sheet was then
developed. based on the informa-
tion that we had obtained to this
point. To establish a time standard
for any trailer welded in the as-
sembly area, the analyst follows
this procedure:

1. Before starting to weld a
new trailer, two new welding wire
reels, one for each operator. are
installed at the workplace. When
the entire trailer has been com-
pletely welded. each of the wire
spools are weighed and the wire
weight loss for the trailer assembly
is calculated. The analyst then
multiplies the wire weight loss in
pounds by 10.3 minutes per
,pound — the normal time for the
welding process.

To take an example and follow
it through the succeeding steps, let
us assume that the weight loss is
‘12.0 pounds. Then the normal
time for welding is 12.0 x 10.3 =
126.3 minutes.

2. Next. the analyst divides the
total normal minutes of welding

process time by 38.2. since work
sampling indicated that 38.2 per-
cent of all operations covered by
the formula was welding. This es-
tablishes the base figure for the
total operation. Applying this step
to the example: 123.6 + 38.2 =
3.24.

3. Now, it is necessary to multi-
ply the base factor. obtained in the
previous step. by 7.7. Again. from
the work sampling data. this in-
cludes grinding. torch cutting. and
hoist use time. All of these are
process-colltrolled operations. Ex-
ample: 3.24 X 7.7 = 24.9 minutes.

4. By adding this last figure to
the normal welding time (step 1).
the analyst obtains the total nor-
mal time for the process-
controlled operations. Example:
123.6 + 24.9 = 148.5 minutes.

5. To provide the incentive al-
lowance for the process-controlled
operations, increase the step 4
time by 25 percent. Example:
148.5 X 1.2.5 = 185.6 minutes.

6. The analyst again takes the
base factor (step 2) and multiplies
it by 54.1 — the total percentage of
manual operations derived from
work sampling. Example: 3.24 x
.54.1 °175.3 minutes.

7. This last figure is increased
for personal. fatigue, and un-
avoidable delay allowances and
added to the total standard time
for the process-controlled opera-
tions to determine the total stan-
dard minutes allowed for the. as-
sembly operation.

Example: 17.5.3 minutes X 1.15
(assumed allowances) + 185.6
minutes (step .5) = 387.2 total
standard minutes.

Conclusion

We realized that the approach

taken to develop the formula was
unconventional, but the opera-

tions involved in the welding and

assembly of a wide variety of trail-
ers had only one real constant that
could be identified in the time
available: the amount of welding
wire used for each trailer. The re-
sulting standards developed to
date have all been reasonable and
consistent. The formula covers a
potential 11,900 manhours of
labor annually. based on sales
forecast data. Basically, only a little
over one full week of industrial
engineering time was utilized to
develop the formula. I

ol G

trailer welding area i
the Fayette Division plant of the Dayton-
Walther Corporation.

.- ”.
Figure 2. Time studies of welding were
related to the wsage of welding wire
drawn from spools.

Total number

Category of observations  percent
Welding 381 aR.
Between welds 260 206. 1
Clamping 71 7.2
Between clamping 4R 4.0
Loading jig (per man) 94 9.5
Torch cutting 39 3.2
Grinding 16 1.6
Using hoist 20 2.4
Hammering 17 1.7
Loading new wire 3 0.3
Marking 17 | B
Adjusting wire feeder 5 0.5
Gauging 22 2.2
Total, work categories 995 1000
Absent 2]

Nonstandard a5

b
Table 1. Summary of work sampling study of
welding and supplementary operations.
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Work Sanpling Exercise

- To understand how work sanpling can be a useful tool in methods engineering, an
exercise has been designed to use a set of slides representative of”a fit and
tack bperation. The operation involves a shipfitter on a panel line joining two
or nmore plates together to nake a panel assenbly ready for seam welding.

The basic unit of neasurement in work sanpling is the observation, an action
sinilar to a camera snaps hot. The observation is not of a worker--it’ is of an
activity that exists at the moment you meke the observation.

Deci de ahead of time what classifications will be used; ,don’t be. uncertain. about
them Let the foreman know what procedures will be followed; be sure no to
sneak around, or take data in a way that mght cause suspicion.

Slides representing each working and not-working activity are included in the
slide set. Activity categories follow

Wrking Activities Tally “Total

Receiving instructions (supervision)
Tacki ng

Rermovi ng slag

Material handling

Mscel lare ous work activities

Not Working Activities

Per sona
Not inarea
Talk to other worker
Total Observations

When the slides have been conpleted, add the marks for each activity and also
the total marks for the study. Wth this data, the time percentage for each
activity can be calculated: No. Reading/Activity - No. Reading for Study =
Actitity Percent.
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WORK  SAMPLI NG

Work Sanpling is the use of the theory
of probability to predict the makeup of
sonet hing by observing a small portion
of it. These prediction techniques are
used by insurance conpanies and are
fairly famliar to all of us.

Wrk Sanpling is an inexpensive
neans of getting a fairly accurate nmess -
ure of machi ne downtine, manpower
utilization, crane wait, clean up, etc. in
a plant or area.

This tool offers sone unique ad-
vantages: tine and cost w se, when
applied properly.

The nechanics of

Wrk Sanpling

| Preliminary Estimte

This is used to determ ne before
hand the approxi mate nunber of ob.
servations that will be required. The
prelimnary estimate is sinply a guess --
of the percent occurrence of the con-
dition to be neasured.

The estimate can be based on an in-
telligent guess based on past perforr
ance or in cases of doubt a series .
fifty to one hundred observations ca
be used to calculate a rough estinate

It mght be well to point out here th:
one person or one machi ne observed is
equi val ent to one observatidrf. we
were to observe a group containing three
people or three nachines, then each

lends itself to a logical five-step dp-me we record the activity of the grou

proach.
| Prelininary Estimte
[l Plan
[11 Carey Qut Plan

|v Check Data for Control

we are maeking three observations.

Figure 1 is a sanple, tally sheet of
prelimnary study of a group of four na-
chines. To estimate the percent runnin
time divide 31 /52 = .596, this, then, i
the prelimnary estinate.

These observations can be used in --
the analysis of this operation and need

V Check Final Results not be discarded.
Random Machi ne

Cbservati on Ti me* hservations Qperating idle
1 8:20 4 4 0

2 o 8:55 4 2 2

3 10: 30 4 3 |

4 11: 05 4 0 4

. 5 11: 25 4 3 |

6 12: 55 4 4 0
7. 1: 00 4 0 4

; T ?1 % ;
., ., 2: 45 4 4 0

11 2:50 4 3 |

12 3:10 4 4 0

13 3:25 4 0 4
Total s 52 31 21

Figure 1



[l Plan

In order to plan the approach, there
are two broad subjects to cover:

1. how many observations to make
2. how to neke them

Howmany observations to make depends
on two variables: the percent occur-
rence of the condition you want to nmess -
ure and the deviation from this percent
of occurrence you will be willing to ac-
cept. The percent of occurrence will be
deci ded upon by one of the two nethods
discussed in Step |I. The percent devia-
tion fromthis percentage will depend
upon the use you will make of the re -
Sults. For general use we can use the
same reasoning that we do in tine study,
that is a deviation fromthe "true”
answer of x5 percent would be entirely
satisfactory

The fornula nost often used in the
application of work sanpling is:

4(1-P
yoA-P)
d’p
wher e:
N = nunber of observations necessary

average percent of occurrence of

condi tion being observe d(expressed

as a decimal - exanple 60 percent

woul d be .6)

d =deviation fromP that will be satis -

factory (expressed as a percentage
exanple + 5 percent would be .05)

This formula is commonly referred
to as the 95 percent confidence |evel.
This means that 95 times out of 100 you
can be sure that your answer wll be
within the precision you have prescribed
in your choice of “d” in'the formula. It
is not necessary to use the formula to
derive the necessary nunmber of obser-
vations —the following alignment chart

(Chart 1) can be used to deternine the
answer directly. Note that in this chart
the mddle colum is called precision
interval - this is the acceptable devia-
tion multiplied by the percent of occur-
rence (d x P). This is the absolute error
that is possible in the result.

CHART 1 - NUMBER OF OBSERVAT-
| ONS needed to get the precision you
want is given by this chart. Here's how
to use:

1. Estimate (or intelligently guess) the
average percent of the work el ement
you want to neasure.

2. Decide what precision you want (for
exanple, * 5 percent).

3. Miltiply your estimte of the average
percent of the elenment by the selected
precision to get the “precision in-
terval. ”

4. Draw a straight line from the average
percent, through the precision in-
terval, to the nunber-of-observa-
tions line.

Exanpl e: To get #5 percent precision
on work that's estimated to take 80
percent of workers time, you'll find
that 400 observations are needed
according to this chart.

Once you have decided the required
nunber of observations, it is necessary
to decide how to nmake them before you
have conmpleted Step II. The first point
we shoul d consider is that work sam
pling is nmost accurate when your ob -
servations are made at random This
will assure that the result will be based
strictly on chance. In deciding the fre-
quency of the observations, two points
have to be considered - how soon you
need the answer and how long it takes
to make an observation. The se two
factors will determ ne how nany ob -
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(5% OF 80%)

CHART |

NUMBER OF OBSE

servations you can make per day. For
exanple, if the area you are sanpling
is so large that it takes 30 minutes to
conpl ete one observation trip, it is ob-
vious that you cannot make nore than
16 trips in a normal working day.
There are many ways that you can
be assured of randommess by choosi ng
your observation schedul e conpletely
by chance. A better and quicker way
woul d be to use one of the follow ng two

RVATI ONS

charts (Chart 2 and 3). Reference may
also be made to tables of random nu .
hers available in nost statistics books
The JOURNAL OF AMERI CAN STA
TI STI CAL ASSOCI ATI ON had such,
table in their Decenber, 1953 issue
page 931-934. In addition, you can in
troduce even nore randomess by hint
ing nore than one route to follow when
maki ng your observations in the are;
bei ng studied.



Chart 2

TABLE OF RANDOM OBSERVATION TIMES FOR WORK SAMPLING
Read up, down, across, diagonally, or at random in both tables to avoid a biased sample.

Hours: (A. AM., P= P.M.)
Disregard hoursnot i n shift concerned
2P SA 8P 7A 6P 12P 5A 7A 12A 11A 13A 8P
11A 12P 12A 3A 4P 5A 9A TA 1P 10P 8A 3P
10P P 4P 3A 11P 3P 6P %A [2A 2A 11A 4A
‘3P 3P 2A 10A 10P 1P 6A 1A 5P 5A 5P 8P
6A 6P 8A 1P 11P 9A 10P 2P 8A 5P 6A 5P
8A 3P 2A 5P 12P 6P 12A 9P 3A 4A 9P 10A
Minutes
47 23 48 26 22 35 3l 27 47 43 41 42
23 00 36 46 27 50 6 00 21 50 42 56 |
35 22 18 37 3 | 56 18 53 - 59 27 4 4
39 19 9 21 13 44 8 57 17 2 17 18
15 16 12 4 1 17 13 43 32 26 24 12
39 3 38 21 36 29 27 9 53 54 59 34
16 23 53 5 43 40 23 22 8 26 42 21
52 15 40 2 28 56 28 13 15 30 ?[% 3
56 58 2 10 22 43 35 20 58 ‘"33 o I
21 57 35 47 39 20 25 8 56 54 6 4

The following table of Random Sam-
pling Times (Chart 3) was devised from
a table of random numbers. This table
lists twenty-five chronological random
sampling times for each of twenty-one
eight-hour work days. The figures which
appear in the columns are easily trans-
lated into actual clock times. They
represent the hours and minutes after
the start of the work shift. For example,
assume that the working period begins
at 8:00 a.m. then the first sampling time
of the first column, which is 0:05, would
be interpreted as 8:05 a.m. Similarly,
the last sampling time of the same
column, 7:25, would represent 8:00 +
7:25 = 15.25 or 3:25 p.m.

By the proper use of this table, a list
of random times of any desired length
can be obtained. If twenty-five or less
sampling times are planned for a day,
one column will be sufficient. After the
column selected has been’translated into
clock times, those times falling in
schéduled rest and lunch periods are
eliminated.

If the number of sampling times. re -
maining is greater than planned, the
numbers in parentheses to the left of
certain times are used to reduce the list
to the desired number. The se auxiliary
numbers indicate the order in which the
times were originally selected from the
random number table. In order to main-
tain the randomness of the list, numbers
should be eliminated from the list in re -
verse order to their selection. Thus, if
only twenty sampling trips were planned
from Column 1, times designated as (25),
(24), (23), (22), and(21); 3:15, 1:35, 6:20,
1:10, and 3:45 respectively, would be
omitted.

Should more than twenty-five trips be
desired in any one day, two or more
columns may be combined and duplica-
tions eliminated. The same procedure
as outlined above can then be applied to
achieve the desired number of sampling
trips. Different columns or combina-
tions of columns should be used for plan-

ning the sampling trips for different
days.



cC
TABLE OF RANDOM SAMPLING TIMES

1 2 3 4 5
{19)0:05 020 010 015 (18)3:05 (23)0:10
0:20 18)0: 50 (16)0:35 0:25 0.25 0:25
0:55 24)1:20 0:55 (16)1:20 0:45 (21)0:30
(22)1:10 21)1:45 (24)1:00 1:40 1:05 0:40
(20)1:20 %: 88 1:10 %:gg %2213)12% %; %8
(24)1:35 : 1:45 ) ;
2:30 2:30 (19)2:00 2:30 2:20 1:30
3:05 %: 4118 , )2:05 (15)2:50 19)22:;.%% 22: 3255
(16)3:10 : 21)2:45 3:10 :
(25)3:15 23)3:30 2:50 (18)3:30 17)2:50 2:40
3:25 22)3: 40 (22)3:00 3:45 23)3:00 24)2:55
(21)3:45 3:50 3:20 3:50 16)3: 10 15)3:05
4:00 4:05 3:30 4:30 3:4il 315
4:10 16)4: 15 (20)4:40 (20)4:40 (24)3:45 Elq 3:25
(18)4:35 %7 )44',?2% j:ég g:%g (15)433(()30 15 gig
4:55 ‘ : : : .
5:00 4:30 5:CO 517;5:30 5:45 (16)3:50
(s ghm (9% (ges  lass 05
(17)5:35 ; ; s)5: ; ;
5:55 5:35 6:05 (21)6:15 6:00 4:25
(23)6:20 6: 15 523;6:35 6:20 6:35 18)4:35
6:45 Ezog 6: 40 15)6:40 (24)6:25 6:45 22)5:40
6:50 25 9: z{% ;:%g 6:50 (25)7:00 25 g: 4512
7:10 : ) ‘7:30 7.45 ;
7:25 7:35 (17)7:50 7:55 7:55 (20)7:35
i
8 9 10
{17)0:05 0. 725 0:05 (25)0:05 (22,0710 (25)0:10
(18)0:20 0:30 0:15 (18)0:15 0:20 0:15
(15)1:05 0:40 0:40 0:20 0:30 1:10
1:25 (24)0: 45 1:30 0:25 1:30 125
1:30 1:00 1:45 0.55 (19)1:45 (21)1:30
2:05 H% %: %g) (21)%:22% 1:20 1:50 %z Ztg
2:25 ; : 1:35 2:25 ;
(24)2:40 1:40 é22)3: 10 1:55 25)235 (16)2: 05
(16)3:00 2:15 20)3:40 (17)2:10 17)3:05 240
A L N T
42;5 (15) % 1(5) (24)1:%% ézl))z:'so 3:55 (22) % ig
4:50 ; : 22)255 4:05 :
(25)4:55 Ezlg 3:05 (25)4:40 (15)3:00 4:10 18)3:50
5:05 16 g: %% 4:55 (16)3:30 4:50 %g 3: (z)g
5:15 ; 5:00 3:35 (21)5:10 ;
5:50 4:00 5:15 (233:45 (16)5:25 4:55
wib @i B2 B Y o
6:00 ; ; ; ; ;
(20)6:10 izoi 545 523;6:05 519;5:40 6:05 (15)6:20
(19)6:20 22)5:50 17)&45 24)5:50 6:15 6: 25
6:35 6: 25 (18)7:15 6:25 6:30 (17)6:30
(23)7:10 519; 6:50 7:25 7:20 18)6:50 6: 35
7:15 25)7: 05 7:35 7:40 23)6:55 (23)7:35
(21)7:30 7.30 (16)7:55 (20)7:50 (20)7\25 7.50

(Cont’d on next page)




Chart 3 (Cont'd)
15 16 17 18 1¢ 20 21
T 0:50 0:15 0:05 1:00 2:05 {26,0:25 0:25
1:10 (23)0:35 {17)0:40 (1611:10 0:55 0:35 (1710:25
1:20 (20)0:45 (25)0:50 1:35 (16)1:G0 1:%C 1:00
(15)1:25 :55 {23)1:10 (21)1:50 (24)1:25 2:00 1:05
1:30 1:00 1:40 1:55 1:49 2:50 1:10
(20)2:00 (19)1:05 1:50 2:10 1:45 (21:3:10 (20,1:30
2:20 1:25 1:55 2:20 (18)1:55 3:15 (18:2:40
(24)2:40 2:20 {13)2:00 (23)3:00 2:05 (2£:3:25 (24;2:35
2:45 (21)2:25 (24)2:40 3:05 (17)2:40 (16.3:35 3:10
2:50 2:35 (21)2:45 3:15 (25)2:50 (22:3:40 (23)3:13
3:10 (17)2:40 {15)3:15 3:50 (21)3:135 245 3:45
(25)3:35 (25)3:05 4:20 4:30 3:535 4:00 3:55
(16)4:00 (15)3:10 4:30 (20;4:50 4:00 (1754:10 4:13
(21)4:25 3:15 4:590 4:55 4:05 5:10 4:25
5:00 3:30 {19)5:00 (24)5:35 4:13 (25)5:40 4:43
5:10 (16)3:40 5:05 (15)5:40 (23)4:20 5:45 (23)3:00
5:20 4:05 5:20 5:45 4:45 5:55 5:235
(17)5:25 (18)4:10 6:03 5:50 3:15 6:20 {19)5:3¢C
(23)5:35 4:35 _{18)6:10 (18)6:15 (22)5:50 (16,6:30 6:10
(19)5:55 5:10 6:40 (15)6:20 6:10 6:40 6:45
6:00 5:20 6:50 {17)6:35 (20)6:35 {18)7:00 {15)7:10
6:15 5:50 (20)6:55 (25)6:45 (15)6:45 7:05 (18)7:30
(22)6:55 (22)6:00 7:00 7:10 6:55 713 (22)7:40
(18)7:25 6:15 (22)7:35 (22)7:26 (13)7:G0 (23)7:35 7:45
7:50 (24)7:50 7:53 7:55 T:50 (15)7:55 (21)7:50

The next thing that must be decided

the mechanics of making a work sample.
before the study is started is the form

In the interest of brevity, only the most

to be used in keeping a tally of the re-
sults. There is no standard form for
this use. Its design will be based purely
on your needs; that is, what information
you want to gain from the sample. These
can be as complicated or as simple as
you desire. The form usedin recording
the machine utilization to arrive at a
preliminary estimate of the percent of
occurrence in Step | on page 2.11 is an ex-
ample of a simple form. This could
have been used to gather more informa-
tion by adding a column to record the
reason the machines were not running,
such as, broken clutch, no material,
operator personal time, set-up, etc.

[ll Carry Out Plan

At this point you are ready to go on
with the sampling. One further point is
worthy of discussion. Most texts devote
considerable space to a discussion of

important points will be covered here.

1. All observations should be made
from the same place (some people have
actually put chalk marks on the floor by
a machine to assure this).

2. All observations should be
stantaneous -at the

ting ready to start working).

The results of the observations
should-be calculated daily. Also, a run-
ning record should be kept of the total
average percentage adding each day’s
result to all the previous totals. This
will enable you to revise the necessary
number of observations (by again using
the alignment chart) if there is a signi -
ficant difference in the actual percent

instant the ob-
server reaches the point of observatiol
he must record what is happening (he
should not wait to see if the man is get:



of occurrence and your
estinate.

prelimnary

|V Check Data for Control

There are two schools of thought on
what is necessary to assure that your
results are statistically sound. The
sinplest is by merely plotting the cu-
nmul ative average until the curve levels
off. This is easiest to use and is
probably accurate enough for sone
pur poses.

However, this approach may be in-
adequate where a greater degree of
accuracy is required. Before you can

say that your study is statistically sound
you shoul d I ook at the difference between
each day’ s percent of occurrence and
the total study average to ascertain that
each day’s results are within the daily
all owabl e variation. This is a control
tool and should not be confused with the
original acceptable percent deviation
because daily deviations may exceed the
original estimate and still be statisti-
cally-correct. There is a fornula for
this check but it has also been put into
the alignment chart form and follows
(Chart 4). Please note that the right-
hand line is expressed in observations
per day. The exanple under the chart
points out that information falling out

ELEMENT
MEASURED
PER CENT]
99 — 1 PLUS AND MINUS .LIMITS
(PER CENT) OBSERVATIONS
PER DAY
- 15
+ 18 T 50
98 -~ 2 -+ 21 -+ 400
—+ 24
+ 27 -+ 300
o L 3 3.0
% - 4 L s -+ 200
9+ 5 - 150
94 +4- ¢ -+ 6.0
93 4 7
92 +- 8 -+ 100
91 < 9 + 90 1 %
80 —+10 - 80
- 120 'IIIIL\\\T_ 70
85 415 @ /‘ + 60
1 150
- A7) 1.
80 =+ 180
—+ - 40
70 30 Tae
i i 4210 4 30
-1~ 30.0
-+ 36.0
+ 2
L 450
+ 15
—L. lo
Chat 4 - CONTROL LIMITS for your Work

Sampling study results are found in this chart.



side the limits should be discarded from
the study because the final average per-
cent of occurrence must come from ob-

servation of similar work conditions to
be meaningful.

To use Chart 4;

1. Mark on left-hand line the observed
percentage of the element measured.

2, On the right-hand line mark the total
number of observations made each
day of the study.

3. Connect the two points by a straight
line.

4, Read the allowable variation (control
limits) on the center line.

Example: If the average handling ac-
tivity during a ten-day study is 82
percent, and the number of daily ob-
servations 48, then each day’'s per-
cent activity should be between 65
percent and 99 percent (82 = 17 per-
cent) to be statistically stable. Find
the cause for any day that is outside
limits. Data connected with that
cause should be thrown out in order
to achieve the statistical reliability
you're looking for.

V Check Final Results

After completing Step IV the data will
be in statistical control and then. and
only then, you can check the final devia-
tion by use of the original alignment
chart used in Step Il on page 3. By
lining up the final percent of occur-
rence and the actual number of observa -
tions, you can read the precision in-
terval on the middle scale. Divide this
by the percent of occurrence and this
will tell you the actual deviation (d). In
other words, you can be 95 percent
certain that your answer is the percent
of occurrence plus or minus this re -
salting deviation. If this doesn't offer
the degree of accuracy required, more
observations will be necessary.
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GROUP_TI M NG_TECHNI QUE WORKSHCP

The Goup Timng Technique is a valuable industrial engineering tool that can be
used in the shipyard. GIT conbines the advantages of tinme study and work
sanpling to generate statistically accurate |abor standards.

The best method to train people in the use of GIT is to conduct an actual GIT
study in the yard. Another approach to GIT training involves classroom use of a
super 8mm novie or videotapes of an operation and using simulated time
seguences.

The following article, “Timing Those Goup Operations, " reprinted from

I ndustrial Engineering, covers the subject of GIT thoroughly and should be read
before conducting a GIT study.
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Timing those-
group operations

Get a handle on standards for crew-sized operations
using this simplified work measurement technique.
The results can be as statistically accurate as any
standard; the trick is judging the group rate and
selecting proper observation time intervals.

Number of products produced is the key.

Chester A NeowDEk, JR
Beaunit Corporation, Cary, NC

Chester A. Nedwidek, Jr., is a
: Principal Industrial Engineer for
the Beaunit Corporation. A
registered professional engineer
and a licensed contractor, he has
had extensive industrial experi-
ence, including work with E. I.
DuPont deNemours, during his
24 yearsasan IE.

Mr. Nedwidek holds BA and
BSI E degrees from Col unbi a
University and is a menber of
Alpha Pi M,

161 DEC 761 IE

Group Timing Technigue (GTT)
is atool that can be used to develop
accurate labor time standards for
variable-size crew jobs where mem-
bers of the crew are performing
the same task at the same time.
The technique can best be described
as work sampling with observations
taken at repeated constant time
intervals. It produces results quick-
ly because many work elements are
seen at each observation.

Similar to work sampling, the
idea behind the technique is that ..1
whatever is occurring at the time of
observation has been occurring for
the entire interval since the previous
observation. Another similarity is
that a group of operators, in the
same area, may be observed simul-
taneously, and their individual
activities recorded. One difference is
that the constant sampling interval
and production count provide a
means of relating element times to
production output.

Random work sampling pro-
vides a measure of the occurrence
percentage of the elements, and
usually does not relate directly to
units produced. GTT provides not
only a percentage breakdown, but
data that can be trandlated into ele-
ment times required for each unit of
production.

Results can be obtained in about
one-half the time that would be
required by the stopwatch method.
Fewer samples are usually required
than needed by random sampling
techniques. This is because each
GTT sample provides the maxi-
mum amount of data.

“Chinese fire drill, organized
chaos,” or out of control jobs can be
successfully analyzed and eval-
uated by this system. GTT works in
situations where regular time study -
technique is next to impossible .
because it is independent of the
particular individuals in the group
being studied.

It is ideal for studying groups of .
people producing measurable out-
put in a reasonably limited work .-
area. ldeally, all work activity
should be within eye ran’ge of the
observer. Jobs such as shipping
crews, unit assembly crews, mainte- -
nance crews working on specific
tasks, groups of production opera-
tors doing the same task, and
clerical-type office work are good
examples. Best results are obtained
when evaluating tasks involving 3
to 10 people.



and ending points, and be Ion?
sampling Interval, or interva
observation data

unit from beginning to end.

Date of study

Sanpling interval length

Eqﬁpnent i dentifi cat?on
erator identification

The job elenents
The pace rating

indicate occurrence of elements

Total the tallies for each

each elenent.

Maki ng a GIT study

1. Select the operation, group of operators, and tine periods to be studied

2. Study the operation to establish
Elements (including idle and; or missing). The elements should cover all aspects of the job. Perforning all
the elements shoul d produce a conpleted product or product stage
Element duration and sanpling interval length. The el ements selected should have clearly defined-starting
enough that a change during the instant of observation is Unlikely. The
between observations, should be |ong enough to pernit recording the

Qperation location scope. The activity area should be small enough, and the observation position |ocated
such that all activities can be observed and identified in a quick glance

Crewing variation. The maxinum and minimm crew size should
recorded, . observations. This information will allow imediate entry of the idle and “nissinﬁ” observations

Measurable units of output. The units of production nust be clearly defined. The units s
smal| enough that a definite nunber can be counted as Froduced during the total observation period; or the
study should be planned so that a continuous sequence o

3. Decide on, design and reproduce the recording format. (A typical recording sheet is shown as Figure 1.)
The format shoul d provide for recording the follow ng informtion
The overall description of the job

Start and finish time of observation period

The nunber of units produced during the sanmpling period

Qther information, such as the maxinum nunber of operators on the job, etc.
The format should be designed for ease of calculation

4. Mke the Study. Fill in the base data: date. job, and start tine. Begin observations. The observer should
position hinself where he can see the entire job or all the job stations at a single glance. Use tally marks to

Continue observations until all periods are covered and an adequate number of samples has been taken to
provide the desired accuracy. A typical completed data sheet is shown as Figure 2

5, Recappin% the observation data

. pi ece made
Total the tallies for each individual elenent
Mil tiply each individual element talley total by the sample interval size. The result is the total time spent on

Adjust this tine by the rating factor, if any. The result is leveled time per element.
Divide the leveled time for each elenent by the total nunber of pieces made. The result is leveled elenent time
._per pieces. Figures 3 and 4 show the calculations

e established in advance of the actua

observations covers the production of a single work

ould be either

Different from time study

There are several key differences
between GIT and the usual tine
study nethods

| Mre than one operator is studied
at the sane tine

. Cbservations are taken at con-
stant tine intervals

. The study is not dependent on
any specific duration of any session,
but can be interrupted at any time
without lossof effectiveness .

. Continuous eight-hour study is
not needed

. The data recap paperwork takes
less tine

The basic conditions for using
GIT are that all the operators
observed and included in the study
nust be related to producing the
product measured, and that they al
can be observed at the sane tine
(This requirement can be
"stretched" a little bit by allowng
the observer to survey a 360-degree
field from one vantage point.)

The el ements nust be sinple
enough to pernmt raﬁid classifica-
tion. But they should be Iong

enough so that a change durin%_a
given observation is unlikely. The
I'dea. as in random work sanpling.
is to take a quick” ‘scan" and record
the first observation. Since the tine
interval between observations is
usual Iy short, GIT is a demanding
system to anIy. As with all tech-
niques, a sloppy or inept observer
will not produce valid data.

The observations can be taken at
any constant time interval. Ob-
viously, the shorter the interve
between observations. the nove
observations you will get for a given
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Package Type:

Nork Rating

One Sample per =in.

Mo. Packages/column 6, 7, 8
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Date: 4/30/76

loading & Unloading Xier Racks
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Time: Stare
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Figure 1. Recording sheet for typical operation.

Jdle -~ Wajit
Interference

phiff sl oot et TIE

vt/
rss iy
=
e g
P e

e Mt T

CJ%GI.H &"‘t'
Y LA

Figure 2. Observations have been completeG.

period of time, and you will also see

needed, it is inportant that obser-

basic preparation needed for rou-

SP4de
<

dJo

372.{:' /:';<l_-.,.: &85

short duration elements. O cowasepns are made during all tine
the shorter interval gives |esgertode that the work could be in
for recording the observationpregress. This insures that all
sults. 1 have found that 0.25 mnute activities are recognized. It is impor-
is the mninumlength that 1 céaant to develop as fair a sanple of

tine time study procedure. It is still .,
necessary to:

| Identify all elements

* Develop a nmeasure of the work
acconpl 1 shed (pi eces nade.

cope with; anything over 2.0 mithe work activity as possible.

utes does not generate data (wickly
enough to make this tec
valuable as it can be.

The sequence of operations can
be interrupted with no ill effects at
any tinme, provided that the nunber
of products conpleted during the
observation period is recorded. The
idea is to be able to relate element
observations with product pro-
duced and, or task acconplished.

Al'though a continuous eight-
hour observation session is not

181 DECT6 | |E

The data recap paperwork takes

nique &ess tine than time study, mainly

because it is a matter of counting
tallies against each element, rather
than averaging groups of decinal
numbers. Another factor is that far
fewer readings are required to
achieve the desired accuracy.

Yet, simlar to time study

GIT is not a magic wand-waving
technique. It requires the sane

handled. etc.)

| Use performance rating to finally
adjust the val ues against a contant.
scale

| Determine the number of obser-
vations required to assure statis.
tically valid data.

The el enents of direct and indi

rect work. instructions. idleness,
absent, etc., must be identified
before the recorded observation
begin. Just as in routine tine study
preparation, this is best accom
plished by a recorded observation of
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Figure 3. Total time for each element determined.

Figure 4. Final step, leveled time per piece.

the actual H’ob. The scope of each
element will be deternined by the
level of detail desired. In most cases,
the elements used for GIT will be
the same as those which woul d be
used for routine time stu%.

The need to develop and apply a
measure of the work done cannot be
overenphasi zed in the application
of GIT. Unlike routine time study
which usually follows an individu-
al operator through the sequential
stegs on a continuous time basis,
with each increment of time as-
signed to a specific elenment, GIT
produces a recording of the fre-
quency of occurrence of each ele-
ment. These frequencies are then
related to the interval of time
between observations. The result is

conpared to the units produced
during the observation period to
devel op element times. These ele-
ment tines are assenbled, just like
direct read stopwatch tines, to
build the total work time standard.
Because of this interrelationship,
GIT observations are worthless if
the corresponding units produced
are not recorded.

As in routine time study, operator
rating, or overall work pace rating,
mst be used to standardize the data.
If this is not done, data derived from
observations on an above average
crew will produce unrealistic,
“tight” standards. Likewise. data
from poor crews will produce
“loose’. standards, The main differ-
ence in the application of rating

technique to GIT is that the over-

al | Face for the crew must be applied

to all the observations for each ele-

ment, as conpared to individual

ratings on each time recording in
routine time study. An observer

who has devel oped proficiency in

rating individuals wll experience
little difficulty in rating group
per f or mance.

The Industrial Engineering
Handbook, 3rd Edition, (MG aw
HIT, 1971 ) has formulae which can
establish the nunber of GIT
readings required to assure accept-
able statistical accuracy. As with
any other industrial engineering
study, statistical verification in
support of the conclusions is
essential. E
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WHERE SHALL WE MEASURE?

At this point we should review our major premises of the workshop before going
on to the neasuring unit.

Early on we talked about the “questioning attitude. " W do not question because
we are congenial skeptics; we question because it’ s a good nental attitude to
have when linking to solve problens.

Many snal |l problems can be discovered by this questioning attitude, and the
answers are often discovered as we become aware of the problens.

Large problens are different. In early phases, they may range fromthe
un suspected to the obvious. But a large problem (an opportunity to make or save
noney) is usually difficult to pinpoint in the early phase.

There are proven problem solving techniques to guide us through the various
steps. See Figure 1.

Note that during the definition phase and report phase of problem solving, data
nust be measured and presented. Flow charting and work sanpling techniques

(previously discussed) are probably the nost powerful tools available to the
met hods engi neers.

Engi neering inplies measurenment and definitive information. Communicating the

situation to others requires understanding the problemand a clear and _
under standabl e presentation. This usually requires the taking and presentation
of data. Some effective ways include

Fl ow charts

L
2. Charts, diagrans, and curves
3. Scatter diagrans

4, Hi stograms

Before we start on data presentation, a few observations:

| Remenber that this is not a mathematics course. Data presentation is
just a way of graphic communication. Data taking, sinple arithmetic
operations such as grouping or calculations, and presentation definitely
hel p understanding of the problem by all

Most data follow Pareto’ s Law, named after an Italian mathematician.

He observed
1. Things often break down into a trivial many and a critical few.
2. In nmost business activities, a small fraction (approximately 20 per- ‘-

cent) of the total item count produces the mgjor portion (around 80)
of the work, crest, profit, or other neasures of inportance

-44-



5
—V

Fl ow Charting

You have received exanpl es of sone of the industrial engineering type flow
charts. Don’ t get too fancy. In an initial phase, use some of the synbols of
logic or “conputer type” flow charts. Sane of these are:

-'7//F—-___;;Z:- I nput or Qutput Device

- — Processing
YES No o
Deci si on
E— Direction of flow
Usual ly left toright, topto
bottom

Charts, Diagrans, and Curves

Charts present data graphically. Usually, people can conprehend better with an
imge than with the data numerals; and, a conbination of the two is stronger
than either by itself.

Where we measure is usually taken fromthe problemitself. Very often the

cal endar of working days is taken as the independent variable or sone other
known or controlled variable. The quantity that varies as a function of tinme or
other controlled variable can be plotted in comparison. Dollars spent, man-
hours, percentages, dinensions, and out going quality are often depend ent
vari abl es.

One of the first ways to present data is with a chart. Wth only five or ten

readings this nethod is sufficient. Chronology is plotted in one vertica
colum fromtop to bottomand the other variables are entered opposite the
values in parallel vertical colums
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Figure 1

A Problem Solving Method
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Here are sonme ways to present data showing a conparison of order size
(i ndependent variable) and production cost (in this case operation hours).

The raw data as obtained from accounting: order size - operator hours.
30 - 120 53 - 176
48 - 161 25 - 130
35 - 140 33 - 130
45 - 165 “39 - 150
40 - 160 45 - 150

The raw data shows us information but it’ s hard to nake nuch sense of it.

The first step is to arrange the data into an ordered array: tabulation by
““putting the independent variable in nunmerical order. This would give

ORDER QUANTI TY | OPERATOR HOURS
35 130
30 1.20
33 130
35 140
39 150
40 160
45 165
45 150
48 161
53 176

Many ot her charts and di agrans are available to present data. Just remenber the

concept of independent or controlled variables and the associ ated dependent data
(bivariate data)

O special interest to the nmethods engineer is the scatter diagram (see Figure
). It is a chart showing the independent variable plotted on the Y-axis. The
scatter diagramshows nore information than the charts previously shown. First
it shows whether a sinple relationship exists. This is nuch easier to deternimne
than looking at charts. Second, it shows how |inear or how close the rela-
tionship is to a straight line or “fair” curve.

Takina the di aaram (Fiaure ?2) and usi na sonme nractical “reare<ssi on anal vesi g”
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Conventions in X-Y plotting are: the X-axis (horizontal) is the independent
variable, or abscissa. If you can adjust it, or select it, the variable is
i ndependent.  The dependent variable, or ordinate, is plotted on the Y-axis or

vertical axis. The dependent variable is a function of the independent
variabl e.

Fam |ies of curves result when athird, adjustable variable is held constant
while the other two are varied and plotted.

-r- Y-Axis (Odinate)

[

A | 1 i | | i | | X-Axis (Abscissa)
A |

Wthin these definitions you would normally plot time, hours, days, the
cal endar, orders, etc. on the X-axis. The Y-axis often includes hours worked

per day, standard hours produced, percentage of total, output, dollars spent,
variable time, utilization, yield, rejects, etc.

Hi st ogram
A lot of single-value numbers (univariated data), perhaps 30 or nore, present a

different problem Several established ways are ordered array, averaged, or
plotted as a frequency histogram

The histogramis a graphic device for univariate data and is quite useful
because it conveys the inpression of the shape and pattern of the distritition
at a glance. It is handy in showi ng information where you are interested in the

medi an or central tendency, or a production distribution with high and | ow
rejection points.

Typically, histograns are plotted using sanples of 30to 100 or nore. Usually
the quantity is plotted along the vertical or Y-axis, and cells or classes are
set up along the horizontal or X-axis. The number of cells is inportant and
shoul d be selected with an idea of clearly presenting the information wanted. If
you have upper and | ower control values you may want to put these at an edge of

a cell so that the histogramclearly shows whether the parts are acceptable or
rej ected.

Here is a chart showing typical nunbers of cells for various nunbers of obser-
vations.  Adjust as indicated.
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No. Readi ngs No. of Cells

30
50
100
200
400 1
1000 1

— O w0 —Jgo

For setting up cells, the “break points, " or intervals, may well follow your own
convenience. Goupings of 5 or 10 may be handy, or use other convenient inter-
vals. On the other hand if lots of values fall on whole nunbers, you may want
to set your cells 4.6 to 5.5, 5.6 to 6.5 6.6 to 7.5 etc., so that the value of
5.0, 6.0, 7.0 falls clearly within the cell and not on the transition value

Wien a histogram or any chart or diagram represents a sanple of a larger popul a-

tion, remenber the quantity nust follow the statistical sanple nunmber for the
data to be valid.

See Figure 3 for an exanple of histogram plotting

Another way to show unvariate data is to plot relative rather than absolute fre-
quencies.  The exanpl e hi stogram uses absolute frequencies of the quantity, the
actual count. These coul d have been easily converted to relative frequencies
by expressing them as a percent of the total observation. This information
woul d show nore than an ordered array chart and it can be plotted using the per-
entages instead of the absolute frequencies.

Rel ative frequency tables and graphs are particularly useful when two fregency
distributions involving different nunbers of observations are to conpared,
such as a before and after conparison

There are several other ways to present these kinds of data: cumulative fre-
quency distribution, cunulative percentage frequencies, etc

H st ogr am Exanpl e

Production order man-hours per job, 50 sanples.

55 40 16 18 31
93 84 15 25 80
82 88 37 32 89
53 2 18 40 12
68 32 29 42 32
50 36 21 20 17
81 10 30 25 14
79 9 35 26 21
22 40 35 19 43
21 3.2 25 27 25
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Not much can be deduced fromthese raw figures although we could easily calcula.
the arithnetic nean:

total 2040
X= N = 50 = 40. 92

Settingup a histogramwth 7 cells would have inconvenient val ues.
Try 10.

X
X X
> X X X
E X X X
> X X X
g X X X
C XXp
X X X X
X X X X
X X X X X X
XX XX XX XX
XXX XX XX XXX
00000202908
I G IR
‘\‘:(ﬁp\rl:)l L1 MAN-HOURS
OXINFIBIFTS
Figure 3
Ot her \Ways

Wenormal |y think of data presentation as an exercise involving graphs, charts,
and figures synbolically representing a practical solution,
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Gt her ways can invol ve photographs of the actual situation, photographs of
nodel s, sketches of the situation before and after, and video and film notion
pi ctures.

Take data and present them carefully. Good data hel p us understand the problem
and sonetines has an uncanny way of leading us to a solution.
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APPENDIX 1: MATHEMATICAL TERMS

The quality of data has an inprtant influence on outcome. Figures, charts, and
diagrans give the illusion of being correct and valid. Technol ogy-ninded people
must concern thenselves with making the illusion a reality.

To review

Dat a

Accur acy

Validity

Preci si on

Observati on

Sampl e

Uni ver se

Nurner a

Nunber

Const ant

Vari abl e

Statistics

One or nore messurenents or observations. Data is plural; a
single measured or oberved value is a datum

This expression is a measure of the difference between the
data and the true value of whatever the data represents
Usual Iy expressed as a percent.

A nunber or nunbers are said to be valid if they neasure what

they claimto measure. Valid data is that appropriate for
the use intended.

A neasure of the repeatability of the data. It may be inac-
curate, but simlar obervations produced simlar results.

Don' t use precision when You nean accuracy.

A measure of the data in one elenentary unit included in a
sanpl e.

A group of otservations drawn from a universe or popul ation.
Done properly, a sanple gives know edge of the universe “ from
which it cane. " The sanple size nust be |arge enough, given
the required accuracy and confidence levels, and be taken in
a random way.

A collection of things as they really are. Sonetines called
popul ation or parent group

A synbol used to stand for a nunber. The characters 2,34
are nunerals.

An abstract idea or concept to understand arithmetic or “ how
mny. " “ Positive integers, zero, and negative integers are
nunbers.

A nunber that has only one value or does not change within a
given context. Often takes symbol , a, b, or c.

A variable is a type of quantity that can have a different
numerical value depending on another variable. In bivariate
data there is the independent variable, usually given an X
val ue, and the dependent variable, the values usually read or
obtained, usually with a Y-axis value

Uses results that are already known to understand a process
that is not fully revealed.
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Probability

Aver age

Medi an

Deci | e Range

Range

Ratio

Per cent

Confi dence

Rardom Numbers
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Uses a know edge of the process to determne the |ikelihood
of a particular unrevealed future result.

The “arithnmetic mean derived by taki”ng the sun of the obser-
vation's divided by the nunber of observations in a particular
sanple. Sonetines called X. Be careful. using averages --
they might not be valid for the use involved

The middl e observation in a set of data. |If the data are
arranged in the formof an ordered arraﬁ (for exanple, in
order of magnitude), the median is the half-way point: half
of the readings are above and half of the readings are bel ow
the value. Sometines called the 50th percentile or mdpoint.

Dividing an ordered array of data by ten produces deciles.

Wth a specified group the range is the |argest value mnus
the smallest value of data.

A conparison of one attribute of data with another attribute
of the total. The expression clearly requires what is being
conpared to what. COften used for a small quantity of data

The termliterally neans “nunber per hundred, " fromthe Latin
word for one hundred. It is a fraction obtained by conparing
the deviation with the standard and converting the ration to ,
“per one hundred. " Oten used for large quantities of data

A measure of how nuch confidence can be placed in the val ue

of a sanple. Confidence limts are placed (for exanple 90%
so that we can be (90% sure that an interval, based on the
sanpl e, includes the universe values being sanpled.

Confidence neans that after a sanple is made and cal cul at ed

you can say, ‘| amcertain that 9 out of 10 times (the 90%
exanpl e) ny cal cul ated inference based on the sanple is
correct. " See the work sanpling charts for use of the con-

fidence limts.

Common sense woul d indicate that data taken from sanples
cannot have 100% confidace. But the larger the sanple, the
better the chance, and confidence approaches 100 percent.

Wien a sanple is taken froma universe or population, it is
necessary to draw it with an equal probability that the

sanple represents the true population. It Is inportant that
every elenment in the universe have an equal chance of

entering the sanple. To aid this selection, random nunbers
are usually used to generate the selection criteria. Amung

ot hers, random numbers can be obtained fromtables or the

t el ephone book.
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SKILL IS PROFICIENCY AT FOLLOWING A GIVEN METHOD

“The narrowness of the above definition nust be thoroughly understood. ‘. Method is
excluded from the concept of skill by this definition. Mst people associate
skill with method and assume that the skilled operator will use the best method.
However, modern industrial engineering recognizes no such thing as the one best
net hod. There is the best method devised up to the present time, but wth
detai |l ed study and advancing technol ogy, any given nethod can be inproved over
and over again. You might | ook at some shipbuilding nmethods of today vs. cnly a
few years ago for conparison

Since a nethod is regarded as king in a continual state of evolution, method
and skill cannot be tied together. An operator may be highly skilled at
following a given nethod; the method itself may or may not be good. If it is
consi dered good today, it may be considered poor six nonths later, when fresh
devel opnents have rendered it obsolete. It is very possible that an operator
can become highly skilled at follow ng a poor nethod

Skill, or proficiency at following a given nethod, is influenced by both natural
ability and experience, or practice. Studies have revealed |arge differences in
the extent to which various individuals possess various skills or aptitudes

Because of the skills and aptitude variation anong individuals, it is necessary

to recognize the skill possessed by an individual. Certain standards must be
mastered to judge skills, but it is not particularly difficult to master them

Studies of individuals' differences have shown that the difference between the
best and the poorest individual in a |arge sanpling can range as much as five or
six to one for sonme of the basic aptitudes. The range within the shigbuilding
industry is not this great, however, because the enployment department will
usual Iy exclude those in the |owest ranges from the yard. Even if an occasional
slipup occurs, performance on the job shows up the misfit very quickly. There
is a process of natural selection going on at all times in any industrial. orga-
nizatiom it has the effect of narrowing the range of skill in any shipyard,
industrial plant, or business organization in general

Skill, at any given noment, will not be varied deliberately by the operator.
The operator may slow down or speed up, but this is changing effort. Funbles
and unnecessary notions may be introduced in an effort to extend the tine for
doing the job; this is changing the nethod. An operator’s skill can be
increased by practice, or it may be tenmporarily disturbed by illness or worry,
but it will not be deliberately varied from noment to noment by an operator.

The skill which is considered useful for practical purposes is subdivided into
six general classes: poor, fair, average, good, excellent, and super skill

Skill below poor will be excluded either at the enployment office or on the job.
Bel ow average skills, if they persist after proper training, are usually not
tolerated in a well-mnaged shipyard.
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The characteristics of performance which place an operator within a given skil
classification are quite easily recognized by an experienced observer. Al of
these characterstics may not be observed with any one operator, but enough of
them are usually encountered to make the worker’ s level of skill easy to

recogni ze.

Poor Ski | |
An operator who works at the poor skill level is usually a new worker or one who
is naturally unfit for the work. In the case of the new worker who has not had

any previous exprience on the job, lack of know edge is evident. Lack of
experience makes it necessary for ‘himor her to stop and to think what the next
nmove is going to be. Even after deciding the next nove, the operator noves with
an uncertainty that is quite pronounced. If an error should occur, it wll lead
to confusion and could result in nmore and greater errors. The poor operator

| acks confidence which will be gainedd by experience

Wien the skill of an operator is considered to be poor after having sufficient
time to learn the job, he or she is a nmisfit. The operator knows what to do but
does not seem able to do it with ease. Mvenments are clumsy and awkward. Mi nd
and hands do not coordinate and before making a move, the operator nmust stop to
consi der whether or not it is right. The worker, with all seem ng care and con-
sideration, turns out an inferior quality of work, nakes many m stakes, and
spoils more work than those with nore skills.

Fair Skill

The worker considered to possess fair skill could be a msfit who has been doing
the job for so long that he or she has been able to overcone sonme natural han-

di caps and, as a result, has been able to rise fromthe poor skill level. This
case is unconmon, however, for if a worker is truly a msfit, dissatisfaction
with the job will result and the worker will quit before working | ong enough to
develop -fair "skill,

Mre often, the fair worker is conparatively new but has been doing the work

| ong enough to follow the correct operation sequence W thout an undue nunber of
funbles or mistakes. Workers perfornming at the fair skill level are stil

somewhat clunsy and uncertain in their notions, but they have a definite idea of
what they are doing. They have become famliar with their place of work so they
are not easily distracted. They will become famliar with the |ocation of
cutting or grinding tools, machine control levers, and supply bins so tine is

not wasted searching for tools or materials.

The fair’ skill operator has sufficient know edge of the work to plan ahead

somewhat. It is not necessary between operations to think what must be done
next. At’ the same tine, the fair worker lacks total self-confidence; he or she °
still is not entirely famliar with the work

On work which requires a high degree of manual dexterity, the operator at the

fair skill level will find it necessary to spend some time repairing m stakes
that were caused by lack of Skill”
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Aver age Skill

The operator who possesses average skill is the one nost discussed and the one
to whom all others are conmpared. This is the worker who has been on the job
|l ong enough to be considered proficient in the work. However, the average
operator has not been doing the work | ong enough to gain the proficiency that
restits only through much experience

The average worker performs the work with reasonabl e accuracy and has self-
-confidence. This operator has passed the |earning stage and is now in a posi-
tion to be considered a full-fledged artisan in his line of work. The average

operator will follow a set procedure regularly and will make few m stakes, if
any. Experience has taught the operator the advantage of planning ahead.

Average workers understand their tools and equipment and they are able to handls
them properly. They have lost that clunsiness and uncertainty of novenment due
to inexperience. Their minds and hands coordinate well so that hesitations are
significantly reduced.

Average operators do work according to specifications, but they also think out
things for themselves. Wrkers who possess average skill turn out work which is
satisfactory in every respect. They nay appear a little slowin the speed of
their notions , but they do give a satisfactory performance

It must & clearly understood that “average” skill neans an average that has
been established by definitiom. It is not a mathematical average. Any given
group of workers may all possess greater than average skill. This occurs fre-
quently in a Wl l-nmanaged and established shipyard where |abor turnover is |ow.
However, in a new yard, all of the workers could conceivably be bel ow average.

In other words, the average skill of a given group has no relation at all to the
average skill as established by definition. Average skill by definition de-
scribes a fixed level which is the same in every industry and on all operations.

Good _Ski |

The operator whose skill may be considered as good is noticeably better than the
average operator. The operator with good skill is intelligent and possesses
high reasoning ability. This worker will produce nore and better work than the
wor ker of average skill with seemingly less effort.

Wrkers with good skill are fairly quick in their motions and are sure of them
selves. They will turn out good work and nmay be counted on to do it in |ess
than the allowed tine unless outside troubles develop. This worker has a good
know edge of all tools, equipment, and materials required in the perfornmance of
the job and uses them to good advantage.

Operators who have good but not outstanding natural ability devel op good skill
after being on the job Iong enough to learn it thoroughly.
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Excel l ent Skill

An operator whose skill may be considered as excellent is distinguished by pre-
cision and certainty of action, speed and smoothness of performance, and self-
confidence. This worker is definite and certain of the work and does not make
m stakes. He or she understands machines and tools pertaining to the work and
uses every available advantage. Mnd and hands seemto coordinate autonmatically
and the oprator seems to work without effort. The excellent skilled worker is
thorough and accurate and produces a good quality far above those |ess skilled.

This operator is fitted for the work and has gained the know edge and confidence
which is to be expected fromone who has had much experience in the same class
of work.

Super Ski ||

The super skilled oprator is not common in the shipbuilding industry or in
industry in general. Super skill comes from many years at the same line of
work. The fact that methods and equipment change frequently as new and better
means are devised prevents workers frombecoming this highly skilled. In the
few cases where the nature of the work is unvarying year after year, workers who
may be considered as super skilled might be found, although these are the type
of workers who tend to be pronoted out of repetitive tasks.

The super skilled operator has all of the characteristics of the worker with
exel lent skill, but devel oped near perfection. This worker knows the job so
thoroughly that notions are as quick at those of a machine. The super skilled
wor ker does not have to think about the work but perforns the task automati-
cally. Hands seemto fly to the proper places wthout conscious effort
Motions are so snooth and rapid that they are difficult to follow. — One opera-
tion blends so smoothly into the next that even an experienced observer will
have to watch very closely to deternine the point where one part of the opera-
tion ends and another begins.

Summary of the Levels of Skill

Poor Skill: New worker or nmisfit - Unfamiliar with the work - Uncertain of
proper sequence of operations - Hesitates between operations” - Makes many errors
- Myvements clUrsy and awkward - Does not coordinate mind and hands - |acks

self -confidence

Fair Skill: Msfit on the job for a long time - Canparatively new worker -
Fol | ows proper sequence of operations without nuch hesitation - Sonmewhat clunsy
and uncertain but knows what to do - Fairly famliar with equi pment and surroun-
dings - Plans ahead to sone extent - Lacks total self-confidence - Loses tine
due to own blunders - CGets same output with less effort than poor worker.

Average Skill:> Wrks with reasonable accuracy - Self-confident - Proficient at °
the work - Follows a set procedure w thout appreciable hesitation - Understands
tools and equipnent - Plans ahead - Coordinates hand and mind - Appears a little
slow in motions - Turns out satisfactory work.
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Good Skill: Noticeably better than ordinary run of workers - Mrkedly intellig-
ent - Good reasoning ability - Hesitation entirely elimnated - Needs little
supervision - Wrks at steady pace - Wrks correctly to specifications - Can
instruct others less skilled - Mtions well-coordinated and fairly quick.

Excellent Skill: Precision of action - Speed and snoothness in performnce -
Thoroughly famliar with work - Makes no m stakes - Works accurately with littl«
measuring or checking - Operates nmachine or tools to best advantage - Wrks
rhythmcally and with coordination - Wrks fast without sacrificing quality -
Has total self-confidence - Possesses high natural aptitude for work at hand

Super Skill: The operator of excellent skill perfected - Has been at the work
for years - Naturally suited to the work - Works |ike a nachine - Mtions so

qui ck and snooth that they are hard to follow - Does not seemto think about th
job - Conspicuously the best worker of all.
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EFFORT 1S THE WLL TO WORK

Effort has nothing to do with foot pounds of exerted force or, pounds per square
inch. Effort is related to the zest or energy with which a task is undertaken
Effort can be controlled by the worker at all times, and poor effort is given
because, for cne reason or another, the worker wants to give it.

The anount of the effort which operators put into their work depends, in part,
upon their attitude toward the conpany and conpany Plicies. Some of the other
factors which influence effort are health, physical condition at the nonent
interest in the work, general lator attitude at the time, working conditions
mental conditicn, and distracting el ements.

The skill of the supervisor also influences hourly-paid workers. As the foreman
communi cates conpany plans and goals, notivates, and assigns work, an operator's
willingness to expend effort is greatly influenced. In fact when the analyst
observes an unusual |evel of good or poor effort among a group of workers, the
level of skill of the foreman may be the reason.

Effort can range from pure idleness up to an excessive working pace which is
unwise to maintain. The range for use in the shipbuilding industry or industry
in general however, is divided into six general classifications: poor, fair,
average, good, excellent, and excessive. The characteristics of each range w 11
be described here.

Poor Effort

A poor effort may be given (in theory) by an operator possessing any of the six
degrees of skill; however, it is mre commonly found in conmpany with the | ower
skill levels. An operator who has renmained on the job long enough to devel op
hi gh skill usually has devel oped an interest in the work and a practica
understanding of conpany policies. The worker of low skill, being either a
newy hired enployee or else a msfit (and hence dissatisfied with the job) is
likely to give a poor effort. A poor effort may be caused by lack of interest.
It can also be deliberate and malicious, however

Poor effort can readily be detected by an experienced observer. It usually
takes one of two fornms. It may take the formof a |ackadaisical, dispirited
attitude, acconpanied by an obviously slow working pace. It can also take the

formof a great deal of unnecessary work undertaken with a frantic display of
energy.

The first formnentioned -- the slowed-down work pace -- is easily recognizable.
The operator perforns the work in slownotion style, and obvious attention is
concentrated on holding back as much as possible without actually stopping. The
lack of effort is unm stakable, and the observer nust deci de whether or not the
slowdown is great enough that it actually carries the performance below the poor
| evel .
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The other form of poor effort, while also readily detected by the experienced
observer, is nore anmusing to observe, particularly if it is carried out cle-
verly. The operator introduces all sorts of unncessary work and attenpts to
make the job seem different and nore difficult than it actually is

Many trip for tools are male when only ne trip is necessary. The sane is

true of materials and other accessories, for instead of analyzing the job and
getting everything required in the fewest nunber of trip, the operator finds an
excuse to make a trip for each separate item This not only requires the addi-
tional time to make the extra trip, but it also extends the time for doing the
other work by continually stopping and starting. Hence, the operator does not
get a chance to get into the swng of the work. The poor effort worker finds it
necessary to stop work an unusual number of times to talk to another worker, get
a drink, or do some other personal task. Interest is shown in things which are
apparently out of the ordinary. Unusual “ trouble” may develop with tools or the
material s.

This worker makes many false and unnecessary notions. Many nistakes are made
and the operator finds it hard to do anything right the first tine. Sonet i mes
the work will be finished to a degree of accuracy that is not necessary and that
will not be maintained. This operator resents any suggestions for inprovenent
and intimates that they have been tried before unsuccessfully. Al of these
attenpts to extend the time are quite obvious to the experienced observer who
has studied the operation in advance

Fair Effort

The operator who exerts a fair effort has a sonmewhat nore reasonable attitude
toward work, but still exhibits a nunber of the sanme tendencies shown by the
operator giving a poor effort. He or she takes little interest in the work and
seemto regard it as a necessary evil.

An operator performng. at the fair effort level performs fewer unnecessary opera-
tions although sonme will be present. The worker tries to go about the job in
sone systematic way, and generates the inpression of really trying to do a fair
amount of work. It is readily apparent that the operator is not putting forth
best effort, but at the same time, is not resorting to the extreme time-killing
practices of the operator giving a poor effort.

Average Effort

Average effort is the borderline effort between fair and good. It is the
effort to which all others are conpared, and yet it perhaps the hardest to
define specifically. It is a little better than the fair effort level and still

a little less than the good effort |evel

The average effort operator works steadily and with a fairly good system  Lost
nmotions are reduced and the operator appears to take some interest in the work
The average effort level has sone of the characteristics of both the good effort
level and the fair effort level. It is an effort level that npst operators can
maintain day after day without undue fatigue
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Good Effort

A good effort operator works steadily and systematically and does not |ose tine
doing operations foreign to the work. This operator takes an interest in the
workkk  and takes pleasure in turning out good work. An operator at the good
effort level works steadily at a pace which can be naintained day after day and
week after week. QOperators at this level are conscientious about their work and
when not under observation do not try to use shortcut nethods that detract from
the quality of the finished product.

Excellent Effort

An excellent effort differs fromthe good effort in several respects. Operators
exerting an excellent effort work fast and use their heads as well as their
hands. They work with a will and make their mnds direct their efforts to the
best advantage. They take a keen interest in the work and readily follow any
goodd suggestions others mght nmake. They are also on the alert for better ideas
of their own.

This worker reduces false motions as far as skill permts and thinks ahead
This operater knows just what to do before it is time to do it, and when the
tinme cones, does it wth enthusiasm

Most workers cannot keep up an excel lent effort week in and week out, but can
keep it up all day and perhaps for several days. A worker who usually gives a
good effort will, on sone days when feeling particularly fit, give an excellent
effort. It may be that a keen interest in a partioular job causes the worker to
put forth an excellent effort.

Excessive effort

Excessive effort is just as its nane inplies --excessive, or too nuch! It is

given by some workers who cannot work normally when anyone is watching then
Many times exessive effort is due to a tendency to show off. They extend thenselve
to a pace which they could not possibly keep up for over an hour or two.

A few quiet. Wrds mght calmthe worker down to a nore reasonable effort |evel

This is often advisable, for excessive effort wll very likely affect the opera-
tor's skill level. In consideration of effort alone, the excessive effort is

best from every standpoint but that of health.

Sunmary of: the Levels of Effort

Poor Effort: Cbviously kills time - Lacks interest in work - Wrks slowy and
appears lazy - Attenpts to extend time through inproper method by: (a) making
unnecessary trips for tools and supplies ﬁb) havi ng poor setup; (c) doing work
nmore accurately than necessary; (d) purposely using wong or poor tools.

Fair Effort: Same general tendencies as For effort but of |essened intensity -
Accepts suggestions grudgingly - Attention appears to wander fromwork -
Possibly affected by |ate hours, dissipation, or nental worries - Puts sone
energy into work - Some inproper nmethods used are: (a) fairly systematic but
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does not always follow sanme sequence; (b) somewhat too accurate; (c) makes jobs
unduly hard; (d) does not use best tools; (e) seens purposely sonewhat ignorant
of the work at hard.

Average Effort: Better than fair, poorer than good - Wrks steadily - Accepts
suggestions, but makes none - Seens to hold back effort - Wth respect to

met hod; (a) has good setup; (b) plans ahead; (c) works with good system (d)
reduces lest tine.

Good Effort: Little or no lest tinme - Takes an interest in the work - Wrks at
best pace suited for endurance - Conscientious about work - steady and reliable
-Fol I ows accepted methods.

Excellent Effort: Wrks fast - Uses head as well as hands - Takes keen interest
inwork - Receives and makes nmany s~gesticns - Cannot keep up effort nore than
a few days - Endeavors to show superiority - Uses best equipnent and nethods
available; (a) reduces false notions to a mininmun; (b) works systematically to
best of ability.

Excessive Effort: An extended pace inpossible to maintain steadily - My be
"showing of off* - Best effort from every standpoint but that of health
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THE LAWS OF MOTI ON ECONOWY

Principles of Mtion Econony

The trained time study analyst does not go about an analysis of nethods and
nmotions haphazardly, but is governed and guided by certain principles of notion
econony. These fundanental principles are called the five Laws of Mtion
Econony.

1. Wen both hands begin and conplete their motions sinultaneously and are not
idle exept during rest periods, maximun performance is approached.

2. \When notions of the arns are made simultaneously in opposite directions over
symetrical paths, rhythm and automaticity devel op nost naturally.

3. The notion sequence which enmploys the fewest basic divisions of acconplish-
ment is the best for performng a given task.

4. when notions are confined to the lowest practical classifications, maxinum
performance and mnimun fatigue are approached.

5. Wen conditions are the same, the tine required to performall basic divi-

sions of acconplishment is constant for any given degree of skill and
effort.

Law 1

Wen both hands begin and coplete their notion sinultaneously and
are not idle except during rest periods, maxinmum performance is

appr oached
Wien both hands are working, it is desirable that they begin and complete their
notions at the same time. In this way, a working rhythmis devel oped which
carries the worker along toward naximum performance. |f only one hand is

working and other is idle, only a part of the maxinum possible efficiency is
obtained. Wen one hand is working, the idle hand is not relaxed, and it does
not rest. In fact, it is usually fatiguing to hold one hand nmotionless while
the other is working. On classes of work where it is not possible to do the
sane thing with each hand at the same time, idle periods often occur as the
operator works first with one hand and then with the other

Law 2
VWen notions of the arns are made simultaneously in opposite directions
over symmetrical paths, rhythm and automaticity develop nost naturally.

Motions of the arns should be made simultaneously if Law 1 is not to be violated.
They should be made in opposite directions from axis of the body. When this is
done, one arm bal ances the other, and no body novenment is necessary. |f the
arns are noved in the same direction, either to the right or to the left of the
body, the whole trunk has to be shifted to balance the weight of the arnms. This
brings a nunmber of body nuscles into play, and on repetitive work, increases
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fatigue noticeably. If the arms nust be noved in the sane direction, they
shoul d nove away from and toward the body rather than to the right or to the
left, as the body can nore easily balance a motion of this kind

Motions shoul d be nade over synmmetrical paths because nmost human beings are so
constructed physiologically that one side of the body wants to work in unison
with the other doing simlar things. |If the workplace is laid out so that the
right hand must follow a triangular path while the left hand is following a cir-
cular path, the operator will have difficulty working in accordance with Law 1.
There will be a tendency for both hands to move either along the triangular path
or the circular path. To overcone this, the operator is likely to work first
with one hand and then the other. This tendency toward symetrical novenents of
the two sides of the body has an inportant bearing on safety. If unsymmetrica
pat hs nust be followed in noving near machinery, care should be taken to see that
the tendency to change over into symmetrical paths will not carry the hand into
a danger zone.

Law 3
The notion sequence which enploys the fewest basic divisions of
acconplishment is the best for performng a given task.

Performng a basic notion consunes a certain amount of tine. Therefore, every
basic notion made shoul d be analyzed with the idea of elimnating it or com
bining it with another. \Wen the work is performed with fewer basic notions, it
will be performed in a shorter tine. Furthermore, as the nunber of notions
decreases, the fatigue per piece will decrease. There may be a few isolated
cases where several short notions will consume a shorter time than a |esser
nunber of |onger notions, but this is rare enough to be considered the exception
Usual |y, the path of the |esser nunber of notions can be rearranged so that the
time for performng themis reduced below the time required for the greater
nunber of shorter notions.

Law 4

Wen notions are confined to the |owest practical classifications,
maxi num performance and mni mum fati gue are approached.

Al'l physical motions are divided into five classifications according to the
bodily parts involved in making them They are as follows, arranged with the
most econom cal and least fatiguing first:

Fi nger notions

Finger and wist notions

Finger, wist, and forearm notions

Finger, wist, forearm and upper arm notions
Finger, wist, forearm upper arm and body notions

The fifth class requires a change of posture, while the first four do not.
Mtions of the first class are perforned nost quickly and with the |east expen-
ditures of energy, while nmotions of the fifth class obviously require nore tine
and effort to perform For exanple, it is possible to pick up a small part from
a table, using only finger and wist novenents, in a fraction of the tine
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required to turn around and extend the armto pick up the identical part.

Hence, it is always desirable in arranging the workplace and in determning the
best method for doing the work to have as many of the notions as possible in the
| ower nunbered classifications.

This should, of course be interpreted with conmon sense. It might be possible,
by exerting a great effort, to lift a heavy object an inch or so with a finger
movenent, but the same object could be lifted the same distance in less tine and
with far less fatigue by a finger, wist, and forearm movement. In actual prac-
tice, there is no difficulty in recognizing the |owest practical classification

Law 5
Wien conditions are the sane, the time required to perform
all basic divisions of acconplishment is constant for any
given degree of skill and effort.

The word “conditions” is used to cover all factors which can possibly affect the
time required to performa basic notion. It enbraces not only such factors as
light, heat, ventilation, and so on, but also such factors as nature of the part
with respect to size, shape, weight, distance noved, material and inspection

and accuracy requirements. For exanple, anong the conditions which affect the
time for performng the operation of lifting a weight of ten pounds a distance
of one foot include tenperature, location of the lift (near the floor, waist

hi gh, overhead ), material and condition of the surface grasped (rough or
slippery) , and bulk. But for any given set of conditions, any two workers wll
take the same tinme to performthe operation if they are working at the same |eve
of performance. This concept is sinple, but it forns the basis for all time
allowances. If it were conceivable that an operator working at a given perfor-
mance | evel would performthe same operation under the sane conditions in a dif-
ferent length of time on onme occasion than on another, then it would be

I mpossible to establish time standards as we know them By elimnating through
standardi zation all or nearly all variations in conditions, it is possible to
establish accurate perfornmance standards
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THE TRADI TI ONAL LAWS OF MOTI ON ECONOW REVI SED FOR S H P YARD HULL CONSTRUCT | ON

As you read earlier, several pioneer industrial engineers devel oped |aws of
notion econony. But just as MIM1 is hardly applicable to shipyard work,
neither are the laws of notion econony. As work neasurement is being done in
MOST, MAXI -MOST , or MEK/UAS, these notion econony principles need a sinilar
revision,

These typical laws of motion econony are neant for |ight industry associated
with incentive pay and relative high- volume production at a fixed workplace

The work goes to the worker rather than the typical shipyard way - where the
worker goes to the work. principles neant for high volume/small parts (using a
“mcro” approach) probably won't work for shipward | ow vol ume/large parts.

Wthout conpronmising the classic |aws of motion econony, or excepting the few
places in a shipyard where they nmay be applied profitably, the twenty-two |aws
of motion econony with a few exceptions have limted application in shipyard

hul | construction.

But the exceptions are worth looking at. Three principles of notion econony for
shi pbui I ders follow

1. Hand and body notions shoul d be nade at the |owest classification
and fewest in nunber.

Using | ower |evel movements, perhaps the nost fundanental of the |aws of notion
econony, is difficult to do in a shipyard. Prof. Ralph Barnes points out that
“body movenments are time-consuming and resul in high physiologial (fatigue)
costs as well. ” But the “geometry” of shipbuilding is nore |ike building
construct on: instead of work flowing to the operator at a fixed workplace,
most j obs involve the operator going to the work.

The work involves a |ot of body notion with walking, bending fromthe waist,

kneel ing on both knees (and working in that position), and rising from kneeling
on both knees. W have a nunber of body notions not even listed in MIM1 body
movenents such as squatting, arise from squatting, sideways nove while

squatting, and lying down.

Even with this “problem geonetry,” inprovenent can be made. Most of these high-
tinme notions can be reduced in classification and particularly in nunmber

Less wal ki ng, | ess squatting, nore work when in position -- all these can contribute
to notion econony.

2.  The workers, tools, fitting aids, and supplies should be organized
and positioned for efficient operation

To a certain extent this relates to worker skill, but expert workers are often
characterized by always having their tools in a convenient, handy place. As
they nmove about a unit they efficiently nmove their tools at the sane time so
that extra, long, or inefficient nmoves are minin zed.
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Encourage the use of “standard operating procedures” for transporting, posi-
tioning, and using tools.

3. Power tools should be substitute for nuscle power whenever possible.

Wiile this is not exactly notion economny, noving heavywei ght workpi eces around
by muscul ar power is slow, fatiguing, expensive, and should be avoi ded.

Modern shipbuilding is characterized by using hydraulic power units, mechanical

hoi sts, block and tackles, power cranes, etc. ; the proper use of mechanical aids
presents a constant opportunity for better methods

Wienever you see an operator repeatedly using his body and |arge nuscles to

acconplish a task, look for a chance to use a machine. The old saying of “waste
not, want not” applies in shipyards, too. \Wsted tine is gone forever and ship-
yards cannot afford any wasted tine.
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MOTI ON ECONOWY DEVI CES FOR GENERAL (LI GHT) MANUFACH URI NG

The laws of motion econony for general manufacturing can be adapted nechanically
into what is called the notion econony device. These devices have proven them
selves in many workplace layouts in general |ight nmanufacturing. Amng the nore
fam liar are quick-acting clamps, stops, rotary type (or “lazy Susan”) fixtures,
air cylinder attachments, notion econony bins, foot pedals, ejectors, and drop
delivery devices. Many of the notion econony devices come under the heading of
assembly, positioning, or holding fixtures. These vary in design fromthe

sinple stop attached to the table to a conpletely automated production |ine.

Here is a list of notion econony devices and typical exanples of each

Qui ck-Acting C anps

A quick-actining clanp can be incorporated into various nachine designs. The
function of a quick-acting clanp is to provide a quick and efficient way of
holding a part at a locaticn while operations are performed with, on, or to the
part. Many tines it is necessary to hold two parts together while they are
being joined or connected. \When the parts will adapt easily, a quick-acting
clanp will provide the accurate hol ding necessary, while still using the nininun
amount of activating motions. Many times on mlling or drilling operations a
part is held in position by neans of a quick-acting clanmp. The part can be
clanped and held quickly as well as king released quickly. Quick-acting clanps
are easily obtained and inexpensive.

St op3

A stop is a device used for locating material at a predeternmined position in
order that work can be performed on the material at that position. A part is
moved against a stop with far less notion control than would be necessary if the
operator were required to place the part accurately. A notion requiring less
control is perfornmed in less time, so providing proper stops will speed up an
operation by reducing the tine required to performit.

In this exanple, two stop are used to guide the object to a predeternmned |oca-
tion.

% STORP*] \

OBJECT
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Rotary Fixtures

Rotating fixtures, or “lazy Susan” fixtures, are designed for operations

invol ving machines or welding. Rotary fixtures are also used in conbination
with air-cylinder installations. Rotary assembly fixtures have been designed to
be used by only one operator with several operators depending on operation
sequences and length of operation cycles. An ejection nmechanismcan be incor-
porated into the design of a rotary assenbly fixture. The sketch illustrates

the notion econony benefits that can be obtained by using a rotary assenbly fix-
ture.

AT STATION) #2, A
MULTI SPINDLE NUT RUNNER

RUNS DOWN NUTS AS OPERATOR
RE-LOADS STATION #1

PART IS
EJECTED
DURING
TABLE
INDEX -

)

i
[ TABLE
// ROTATION

/
/

FINISRED
PARTYS
BIN

AT STATION #1,

OPERATOR LOADS

BOLTS, LOCK WASHERS,
WASHERS AND NUTS

TO ASSEMBLY, STARTS
NUTS ONE TURN ONLY

THEN INDEXES TURN

TABLE WITH A FOOT PEDAL

Rotary Assenbly Fixture
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Hoppers and Motion Economy Bins

A hopper or bin should be used as a storage device but should also be designed
to deliver the material at a predetermined |ocation to allow a normal grasp by

the operator. Bins are made of various materials including plywod and sheet
netal .

A hopper usually enploys the use of gravity to feed the parts to a predetern ned
|l ocation. Hopprs are usually constructed from pl ywood or sheet netal, al though
pl astic hoppers are now avail able and are beconm ng comon

<

J P
Al\;/ ‘(JZL

Typical Plastic Assenbly Bin Typi cal Hopper

Assenbly bins usually are smaller in size than a hopper and are used in connec-
tion with smaller assenbly operations that require smaller parts. The bins

usually are arranged in a semcircular pattern to allow the operator to perform
the operation within the nornmal work area.

Foot Pedal s

A foot-operated pedal can provide an easy way of activating a mechanism for

hol ding or releasing a part, or operating w de variety of assenbly nechanisms.
The amount of required pressure for performng the opration nust be considered
when a foot pedal is designed. The main function of a foot pedal is to free the

bards for more useful work. Since the leg is a stronger body menber than the
arm a foot pedal also will reduce fatigue.
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Swivel Fixtures

Swivel fixtures are built on the principle of the ball and socket joint. The
mai n advantage of the swivel fixture is flexibility. It may be positioned to
put a part exactly where the operator needs it and holds the part securely in
that position. The swivel fixture may be adjusted to utilize proper light, or
can be adjusted for inspection operations. It can be held at various angles for

testing as well as positioning the part in the easiest assenbly position so that
a two-handed notion pattern can be used.

Drop Delivery Methods

One of the functions of “drop delivery is to renove a finished part fromthe
work area. Drop delivery chutes can reduce or elimnate notions. The sinplest
formof drop delivery is a hole in the work bench. The finished part falls
through the hole into a tote pan. Mre delicate material can use the principle
of drop delivery by sliding to a tote pan froma chute. “Drop delivery does
not necessarily nean dropping a part downward. A retractable recoil hose, for
exanpl e, pulls the hose up out of the operator's way when it is not being used.
This is still an exanple of “drop delivery, " since the operator sinply “drops”
the hose by letting go of it; no further attention is required

| nt erchangeabl e Tabl e Tops

Many times assenblies are required that are not repetitive enough to justify a
permanent |ocaticn. However, special workplaces mght be needed for this
assenbly.  The use of renovable table topsw |l provide a quick change from one
workpl ace to another. Interchangeable table tops can allow the performarce of
several operations at cnly one work station.
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After the method to be studied has been selected, the gathering of facts on the
current practices begins. This is the very first step in devel oping the
inproved method. You must first know how the operation is currently being per-
formed before good solid suggestions for inprovement can be nade. The collec-
tion of facts will provide the data that once analyzed will provide the clues
for inprovenent. During this phase, suggestions on how to inprove the operation
should be solicited from the people performng and supervising the operation.
The nore views received on how the operation can be inproved, the better the
chances of success with the final proposed nmethod. The person actually per-
forming the work will usually have the most valuable input for inproving the
operation. He also can make your new method work or not work

DEVELOP THE | MPROVED METHCOD

The second step in developing an inproved method will be to examne all the
facts that have been collected. Use the question technique by asking

What shoul d be done?
Where should it be done?

When should it be done?
Wy should it be done?
Who should do it?

How should it be done?

Once these questions have answered and the pertinent data have been pulled out,
the next step will be to apply the laws of notion econony to the data. This

process will help in developing the rationale for selecting the final alter-
natives for inprovenent.

The next step will be to set up the data in such a way that an easy conparison
can be made. There are a nunmber of ways to conpare using charts. One of them
is to use a flow process chart, so that the proposed method can be conpared wth
the original nethod. This will provide a check to make sure that no point has
been overlooked. It also enables a record to be made in the “summary” of the
total number of activities taking place under both methods, and the savings in
distance and tine which may be expected to accrue from the change

The final step in the devel opment of an inproved method is to put it into a
brief report for presentation. Keep it short with a mininum amount of detail.
you can al ways go back to your files to answer detailed questions, that is, if
you have done your honmework. The report should start with a description of the
current operation that is being considered for change. Then wite a description
of the proposed changes and the benefits of making such a change. Include a
conparison chart of present versus proposed. It should include
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Manni ng
Man- hour s
out put
Facility Requirements
Tool i ng
Total Costs
The report should conclude with the projected savings and inplenentation cost of

maki ng such a change. The case study section of this text contains a typica
met hods i nprovenment reprot.
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MATERI AL HANDLI NG

Material Handling in Shipyards

The types and varieties of materia

handl ing devices used in a shipyard are just

as varied as the types of shops that make up a shipyard. In shipbuilding, the
nmoverment of materials can easily account for up to half of the production acti-
Vity. Therefore, handling activities are exellent candidates for analysis. It

shoul d be renenbered that

handling only adds cost to the end product

and does not add substance to the product. Therefore the ideal ship%ard woul d

not have any material handling.

In reality this would never occur,

ut materi al

handling can be reduced to a mininun and this in turn results in reducing ship

construction costs.

Equi pment Avai | abl e

The material. handling equipment in a shipyard is so varied it would be very dif-

fioult to establish a conplete Iist.

However, a skeleton list has been devel oped

with four categories covering the majority of equipnent.

Trucks

Forklift

Straddle Iift

Si de | oader

Pi ckup truck

Sel f-propelled transporter

Fl atbed trailer

Conveyors

Monor ai

Power roller
Gavity roller
Power chain

Power belt

Cames
Jib
Derrick
Wi rl ey
Bridge
Gntry
Goliath
Mobi | e

M scel | aneous

Bar ge

Rai | car

Hard truck

Hand- operated lift truck
Man

Bi ke
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Utilization

Al'l the techniques nmentioned in this workshop can and shoul d be used to eval uate
the utilization of material handling equi pnent.

An excellent way to start a material handling analysis is with a questioning
attitude applied to the three M s of material handling: MATERI AL, FINE, and
METHOD . The first question that should be asked is WHY.

Wy is the material being moved? |s it necessary or unnecessary? |f you
find it is an unnecessary nove, take actiomto correct the situation; if it
is necessary, proceed to the next set of questions.

What material is to be noved? What are its characteristics? Is it a

solid, liquid, or gas? Wat is the size, weight, shape, and quantity of
the material?

Where and when is the nove?
Where is the source of naterial?
Where is the destination?

When is the material needed?

Once it is understood what is to be noved and where and when it should be
noved, then the nethod of transporting can be addressed by asking how and
who .

Whois to do the noving? |Is it the operator, the area material handler or
the Trans portation Departnent?

How is the material to be noved? Wat equipment is currently available to
make the nove? Can new equi pment be justified to do the job nore effi-
ciently?

Renenmber, each question (what, where, when, who, and how) should all be preceded
by WHY.

After you have determned the materials to be noved, where the material wll be
moved and how it is to occur, you rmore than likely will be faced with several
additional questions. Do we have the right number and type of the required
material handling equipnent? Are we utilizing the equi pment we have effec-
tively? If not, are there problem areas that can be rectified to inprove utili-
zation? Such question can be answered by using work sanpling as denonstrated
in the case study presented here.

Case Study

A request was recently made by the Transportation Department of a shipyard for
five additional 15,000 # forklifts. The Transprtation D epartment indicated
that they could not keep up with the demand for nmaterial to be noved. \Whenever
such a request was made in the past, the equipment was purchased with little or
no eval uation of the current usage of the existing equipment. As a result of
this, the forklift fleet has grown to seventy units, fifty of which are assigned
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to the Transportation Departnent. Mnagement is on an austerity drive and woul d
like to deny the request; however, they do not have sufficient information to

do So. They are concerned that if the forklifts are not purchased, production
will suffer. After several days of kicking around the request, managenent
decided to ask the new y-established Industrial Engineering Department if they
coul d evaluate the request for forklifts to determne if they were really
required.

This was the first tine such a request was nade for equipment utilization. In
order for the Industrial. Engineering DePartment to establish credibility in the
yard, the analysis would have to be acconplished within a short time frame and
still maintain a high degree of accuracy. Wth this in mnd, work sanpling was
chosen as the tool for the analysis. It was felt that an accuracy of +5% at a
95% confidence |evel would be acceptable; a prelimnary work sanpling study was
taken before the initial study to determne the desired nunmber of otbservations.
The prelimnary study indicated that approximately 1,600 observations would be
required to achieve the desired accuracy, and on the average of 50 observations
per trip could be made. Wth this information, a work sanpling schedul e was set
up for a three-week period with three trips per day. The telephone book was
used to generate the random tines for the sanple trips

An observation form was designed so that the activity of each vehicle could be

recorded when the first sighting occur red. The activities were assigned cate-
gories as follows:

I. UWilization Activities

A Mving with a |oad
- Transporting materia
- Pulling ‘nule train”

B. Cet or aside |oad
- Mving into position to get or aside |oad
- Loading or unloading “mule train”
- operator of lift locating materia
- Qperator doing paperwork

c. Mving without |oad
- Lift in motion wthout |oad

[1. Nonutilization activities

A 1dle
- Qperator sitting on lift and not in motion

B. Lift minus operator
- Lift by itself and operator not in the general area

c. Talking with other worker
- Conversation not related to work
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After the three-week period ended, the recorded data was evaluated and the study
indicated that the yard-wide utilization of the forklifts was at 50 percent.
This was established with a confidence |evel of 95% and an accuracy of 24% of
the predicted true value (+4.0 x 50.0 = 2.0 being between 48% and 52%

Each activity category was al so eval uated and devel oped. Percentages of tine
spent cm each fol |l ow

Mving with a | oad 16. 7%
Utilization Activities CGet aside | oad 26. 7%
Moving wi thout | oad 6. 6%
1dle 16. 6%
NonutiliZation activities Lift mnus operator 23. 6%
Tal king wi th other worker 9.8%

The study data was also conpiled to project forklift utilization by day of the
week (Chart A) and by time of the day (Chart B) . The percentages of utilization
per day were as follows:

Monday 54. 7%
Tuesday 51. 0%
Wednesday 51. 5%
Thur sday 47. 1%
Friday 46. 0%

The data projected on the tinme of day utilization chart indicate that the day
starts at 49.5% and peaks in the nmorning between 8:45 and 9:00 at 56.5% then
the trend is downhill till lunch at 46.8% After lunch the activity starts off
at 55.8% but then continually declines to 36.2%at the end of the shift.

The data were also listed by vehicle. This information indicated utilization by
forklift. The lowest utilization was the Boiler Shop forklift at 10.O% and the
highest utilizatiomwas Lift #75 in the Transoprtation Department at 85. O%

A forklift departmental assignnent area was devel oped to pinpoint |ow and high
utilization areas. The Transportation Department was high at 60. 0% and the
Boi l er Shop was the |owest at 10.0%

The data was then split by vehicle type and capacity in an attenpt to determ ne
capacity range requirenments. The nost heavily used capacity range was 15,000 #
at 70% This indicated the possible reasoning behind the request for additional
15,000 # lifts.
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The data was conpiled on transportation forklifts in a category of radio vs
non radio-eqipped lifts. The utilization of lifts with radios was a 70% while

lifts without radios was at 60% indicating a definite preference in using
forklifts with radios.

The study indicated a number of areas for inprovenments

A It was noted that three show in the same general vicinity had their own
assigned lift and in fact one shop had two. Not one of the lifts was used
nmore than 15% of the day.

It was recomrended that the four forklifts used to support those shop be
reduced to one. This would increase that one forklifts's utilization to 65%

B. It was deternmined that the Material Handling Departnents utilization of its
five forklifts was at 38% This projects into a weekly usage of 15.4 hours
out the possible 40 hours available. There was also an indication that the
man-1oad requirenent in this area has been over projected

To project a solution, the 38% utilization figure was broken down to | ook closer
at the actual activities.

Uilization Activity Uil zation (% Daily Req. (Hrs. )

Moving with |oad 4.0 1.8

Cet/asi de |ead 30.9 12. 4
|__Mving wthout |oad 3.1 1.3

This indicates that a forklift is required 3.1 hours per day to nove naterial
The get/aside load activity mainly consisted of hunt and pick, which did not
require the use of a forklift. The Mterial Handling Department could function
very well with two lifts.

c. The study indicated that the Transportation Department’s forklifts with radios
had a nuch higher utilization (70% than those without (60% . By outfitting
the non radio forklifts with radios, two forklifts could be elimnated. This
woul d drastically inprove utilization of forklifts assigned to the
Transportation Departnent.

The conclusion is that no nore forklifts are required, therefore the purchase
request for five new forklifts will be cancelled. It was also established that
el even forklifts would be elimnated fromthe current fleet. This was a savings

that was not originally anticipated and only woul d have been detected through a
material s handling analysis.
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FORKLI FTS UTI LI ZATI ON
Forklift
Assi gnment Present Proposed No. Current Projected
Area No. No. Reduced
CGeneral Vicinity
shops (3) 4 1 3 15.0 65. 0
Mtl. Handling 5 2 3 38.0 67.0
Qt her Shops 11 11 -0- 50.0 50.0
Transportation 50 45 5 60.0 70.0
TOTALS 70 59 11 50. 0 68. 0
Fleet reduced by Utilization increased
11 trucks. to 68.0%

The increased utilization |ooks very inpressive in conparison to what it was.

However, sone people may believe it still is on the |ow side when conpared wth
nornal manufacturing operations.

Wth forklift utilization, you cannot expect to achieve 100% utilization. If it
is achieved, the areas the forklifts service may suffer and their perfornmance
will go downhill due to the excess waiting on the forklifts. A general rule of
thumb has been that 75%utilization of forklifts is the expected practical naxi-
num  However, along with a study on forklift utilization you should study the
areas the forklifts service. Don't inprove in one area and handi cap another
without realizing it.

The Industrial Engineering group found a sales job on its hands also. They con-
vinced the Transportation supervisor of their findings after they explained the
work sanpling method and taught the supervisor how to do some sanpling on his
own. The eleven forklifts and their operators will be elimnated through attri-
tion.
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CASE STUDY:  PNEUVATI CS DEPARTMENT

The Pneumatics Department of the Shoal water Shipyard and Drydock Conpany is
assigned the job of cleaning up after the welders so that the constructed or
repaired steel units are ready for blasting and painting.

Wien wel ders strike an arc, the favorite way to do it is by “scratching” the
el ectrode along the material next to the weld. This leaves a trail of weld
beads that need to be removed fromthe plate surface

Fitting aids are also a problem clip, dogs, |ong-supports, and saddles are
one-side welde3 on the plate to support the nenber before tacking. Wen these
pieces are broken off by hammering on the side of the bracket opposite the weld
a residue of weld material remains. Also, pieces are welded for other reasons
especial ly supports for “come-along” hoists, porta-powers, etc.

The net result is that after the welders leave, there is a “fixed nmess” and the
pneumatics people have the job of cleaning it up.

Large wel d residues are chipped off first and a variety of chisels are used in a
pneumatic gun. OF course the operators rarely have the correct chisel so fre-
quent trips are made to their tool bags, usually stashed somewhere el se, to get
the correct chisel. Also, frequent trips are made to the pedestal grinder
(average distance 200 paces ) to sharpen the chisels - usually one chisel at a
tine.

One foreman is assigned about twelve operators who usually work individually,
spread out all over the yard. The foreman only has time to check his nen every
three or four hours.

Chipping is simlar to operating a small jackhanmer. It is noisy and few people
like to do it. There are frequent conplaints of hearing |oss, yet it is a major
problemto get the operators to wear ear protection. The operators are supposed
to wear a face shield as well as safety glasses with side shields; they do this

quite faithfully.

After chipping, the same operator grinds the metal plate to a smooth surface

The chipping tool is taken back to the tool bag and in the words of the nethods
description:  “Chipper asides tool, walks to tool bag, gets needed tool, and
returns to job site. Aside tool and pick up hose lead. Kink hose by bending it
double and grip with hand to crinp off air. Bleed air fromsystemand | oosen
tool fromhose. Aside tool and pick up needed tool. Fasten tool to hose and
rel ease hose. Carry tool to edge of panel and test run and bl ow oil out
ensuring none gets on panel.”

Ginding is done with a sanding disc or a grinding wheel. \heels are purchased
by apparently nonspecific instructicns by the foreman, in rather |arge quan-
tities, with orders going to the |owest bidder. There has been a rash of broken
wheels with pieces flying around. Supervision at niddle nanagement |evel is
concerned about the safety aspect (as is the safety specialist) but supervision
is blamng the operator for incorrect grinding nethods
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In the neanwhile, the work gets done although nobody is happy. The safety spe-
cialist listed the problemas a critical one and top managenent has ordered it

gol)ved -- at the sanme time inproving the operation if possible. Wat would you
0°
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CASE STUDY: THE BOTTLENECK HARBOR SHI PYARD AND DRYDOCK COVPANY

The Bottlenck Harbor Shipyard and Drydock Conpany is a versatile facility that
employs a full-time direct labor force of 140. The backbone of the conpany is a
new floating drydock capable of hauling 235 ft. vessels up to 1,800 tons with a
nmaxi mum beam of 46 ft. and maxinmum draft of 15 ft. It wll also handl e barges
Up to 270 ft. long. A second drydock is also used which has a slightly snaller
capacity, but it is very old, requires a great deal of naintenance, and takes
about three times as long to flood and refloat as the new drydock. For this
reason, the linger termjob are usually assigned to the old drydock. Since
the short jobs require nmore workers, there are usually twice as nany people
wor ki ng on the new drydock than the old one at any given tine.

The conpany produces one or two snall ships a year in the 120 foot category, but
its main business is maintenance and repair work, mostly for ocean-going tug
boats. Renoving old towing cable and installing new cable is an inportant part
of this service, and cable reels are handled on a special area north of the old
drrdock. The services of the yard are available to the general public as well
as the maritime industry on a twenty-four hour , seven-days-a-week basis.

A sketch of the Shipyard and Drydock Conpany fol | ows:
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A work sanpling study has been taken with the followi ng results:

Wor ki ng 36. 8%
ldl e 16. 5%
al k Enpty 16. 1%
Wl k Loaded 15. 4%
Per snol 5. 7%
Truck or Lift 2. 8%
Tool Room 6. 1%
O her . 6%

Tot al 100. 0%

The Wrking and Idle categories are obvious as to their neaning. walk Enpty
inplies that worker is walking to or froma destination but carrying nothing,
whereas Wal k Loaded inplies that a worker is carrying welding rod, nuts, bolts,
cutters, etc. Personal time is as the name inplies - getting a drink, going to
the rest room smoking a cigarette, etc. The Truck or Lift category had been
included to get an idea of equipment utilization. This category was recorded
when a piece of equipment was observed at work as an observation was being made
The Tool Room category was used when a worker was observed in the tool room
There are actually two categories of itens taken fromthe tool room (1) high
usage and expendable itens such as nuts, bolts, welding rod, wire, marking

chal ks, etc., and (2) equipment such as chains, small winches, bolt cutters,
torches, etc. Mst of the tool room observations were of the item (1) nature,

al though both have been |unped together in the work sanpling.

It takes an average of 200 paces to wal k fromthe new drydock to the tool room

and 75 paces fromthe old drydock to the tool room Straight line walking is
difficult due to the clutter and debris throughout the yard.

The conpany has a policy of providing emergency service on an “as needed” basis.
Wien an anergency job comes up, labor has to be pulled away from regul ar jobs

and put on the energency job; the better customers have gotten into the habit of
calling every job “an energency.”

Heavy | oads are being lifted by two or three workers due to a shortage of hand
trucks. A large overhead crane is very old and usually inoperative due to
breakdown, a lack of replacement parts, etc. Three fork lift trucks are used as
wel | as one portable crane, which is usually in the tug boat repair area.

Mrale is low and the company has had two warnings fromthe Ofice of Safety and

Health Adnministration (OS HA) for safety violations. Productivity is down and
the conpany is presently in a no-profit situation
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CASE STUDY:  LONG TUDINAL FITIING Al DS

In shipbuilding, after the plates have been paroled and sonmetinmes rolled, the
next operation usually involves fitting and welding longitudinals. These are
the long, shaped, steel nenbers that formthe initial “beefing up” of the
steel shell. Simlar menbers in a ship are called stiffeners or stringers.

No matter what they are called or shaped, they are unstable and fitting and
tacking a “long” to a panel can be dangerous.

A typical built-up angle can be 40 feet |long, weigh 1,500 pounds and have the
di mensi ons shown here:

.75 IN
15 IN.
TYPICAL
BUILD-LP ANGLE
Y LONGITUDINAL

A typical method for attaching a long to a side shell begins with the |ayout man
marking a nolded line for that menber (on the panel in the course of the |ayout
process.

As the nolded |ine shows where the edge or |ower corner of the “long” goes on
the panel, the layout man also marks which side the long |ays on

After this the fitter welds two or nore pairs of steel clips to the panel

essentially tacking sone holding aids on the panel to support the long in place
when it is lowered by the bridge crane

Taking care to make sure the long is initially supported, the fitters use
wedges, saddles, and clips to position the long at the |ayout |ine and close any
gaps between the long and the panel

Encouragi ng the concept that there’s always a better way (and keeping our eyes
open at the other shipyards) we have come up with other ways to sinplify the
fitting of longs and other menbers.
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Perhaps the nost handy is the triangular fitting aid shown in one of the accom
panying slides. A so, taking advantage of new bars issued to true up the platen,
some gad gets have been devised to make fitting [ongs easier and quicker
After all longs are fitted, the welders come in with their machines and conple-
tely weld the long to the panel. The franes are then placed and go through a
simlar procedure but with braces rather than fitting aids.
This section is not intended to describe to you howto fit longs. The objective
is to use an operation that is very conmon and consequently very manpower -
intensive as a Cost- avoidance example. As nethods engineers we shouldn't foo
around with ‘onesies"and “twosies” but go after the big gane.
After linking at the slides what ideas do you have to handle this problenf
Slide

1 Panel in place. Note nold line

2 \\edge and dog used to fasten panel to platen

3 Fitting aids to support longs; scrap pieces used also

4 Longs in place before fitting

5 Special clip to support longs; great inprovement. Note a tout for two dif-
ferent sized built-up angles and |ightening and hand hol es.

6 Special fitting aids.

7 Strongback used for aligning two longs. Used to pull theminto vertica
al i gnnent .

8 Strongback and special fixtures used to pull longs into horizontal align-
ment

9 Sane a previous slide; note wedge.
10 “Porta-powers” - \Wat do you call then?

11 Bracing a frame with a “cone-along.” Note handy clip that fastens on to
the |ong.

12 Bracing longs on a curved section. Not yet pulled into position.
13 Bracing is conplete bulkhead unit into position. Tanker.
14 Bul khead.

15 Cose-up view of telescoping, adjustable brace. Pernmits fine adjustnent
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AN I'N I NTRODUCTION TO SH PYARD LAYOQUT PRINCIPLES

The term “plant layout” can mean the actual rearrangement of manufacturing of
industrial facilities and equipment, or it can nean only the planning involved
to do SO The actual |ayout may be the conplete installation of brand new faci-
lities in a shipyard. It could also be the rearrangement of existing facilities
in an existing yard, or the partial arrangement of machinery and/or equi pment
for specific instances or particular jobs

The overall objective of shipyard layout is to provide the nost econom ¢ produc-

tive operation with due consideration to safety and enpl oyee norale. The agents
of production (nen, materials, and machinery) along with their supporting func-
tions nust be arranged to conformto this objective

Sone specific objectives of shipyard |ayout can be listed as foll ows:
* The movement of materials must be reduced to a minimum.
* Safety and enployee norale nust be considered
* The effectiwve utilization of all space must be attained.
* Wrk nust be kept flow ng throughout the year.

* The arrangement nust be flexible enough to allow for readjustnment when
necessary.

The three agents of production are nmen, materials, and machinery. The introduc-
tion of materials into a manufacturing operation depends a great deal a opera-
tion sequence. (For exanple, if an assenbly requires a nut, a washer, and a
bolt, it would be inpractical, in nost cases, to assenble the nut and bolt
first, ad add the washer later. ) Based on this idea, it can readily be seen
that the introduction of materials to a manufacturing operation depends on the
pl acement of nmen and the location of machinery.

The three tyes of layout arrangements nost common in industry are:

1. Plant Layout By Fixed Material Location

This layout is enployed where it is not econonmical or practical to change the

| ocation of the product as it undergoes various steps of assenbly or manufac-
ture. For exanple, consider the assenbly of an oil tanker in a shipyard, or a
large electrical generator, weighing several tons. Wen products |ike these are
produced, the tools, the men, the machinery, and all other necessary pieces of
supporting equi pnent are brought to the nmachinery (exanple: platen area
bui I ding positions). The major conponent stays in one |ocation while all of the
necessary operations are performed on it in that |ocation
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2. Plant Layout By Function or Process

This type of plant layout is in general use, especially where “job shop” or
short manufacturing |ot sizes are common. In a layout by function or process
all operations enploying the same or simlar types of processing are grouped
together. For exanple, consider an electrical or electronic assenbly where
drilling is all performed in one area, soldering in another area, painting in
another area, and assenbly in still another area. Al of the equipnent, for
exanple drills, are comon to one physical location and the work is routed
through that particular departnent in lots or batches. The material is brought
to the man and machine (example: stationary burning machine J.

3. Plant Layout By Product or Line

The layout by line production is probably better known as the “assenbly line.”
Like the product that is assenmbled in a fixed material |ocation, one type of
product is produced in one general |ocation. However, in line production, one
operation is directly followed by another. Equipnent and materials are arranged
according to the sequence of operations and are used in that order regardless of
function. The material and man are brought to the machine (exanple: panel

line ). Many famliar products are assenbled in this reaner, including automobi-
|l es and househol d appliances.

Most shipyard |ayouts are a conbination (or conpromise) of the three types of
| ayout arrangements. However, the majority of yard layouts utilize the fixed
material |ocation |ayout.

The purpose of this lesson is to acquaint you with various sinplified plant

| ayout techniques. This should enable you to recognize possible areas of |ayout

i nprovement in your own department, shop area, or yard. Shop |ayout sketches in
this secticn pertain to a fabrication shop with an end product of snall parts

used in ship erection. W can use this layout to determne the placement of
workers, the flow of material,1 and the utilization of machine space.

Determ ning the Areas of Worker Concentration

A quick method of finding the nost “heavily popul ated” areas in a departnent or
yard will help point the way to a better |ayout.

On Worksheet “A” you will find the general floor plan of a fabrication shop
Place a sheet of carbon paper behind the sketch and a bl ank sheet of paper
behind the carbon paper. (A sheet of carbon paper is included in your student
material).

The following list a the next page will tell you where the worker’s stations
are located. As you read the list, indicate the position of the worker on the
layout by a dot. For exanple -- eight workers are |ocated at the eight weld
nmachines in this weld are, one worker to the left of each machine. you would
indicate their position by placing eight dots as shown:
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Wor ker Positions

Locati on

Storage plate

Receiving area

Shi pping area

Ei ght wel d machines

Gind area

Foreman office

Tool crib

Vel d rod room

Jig and fixture storage
Forklift

Layout area

Fitting area

| nspection bench

Parts staging

Burning table

WELD

AREA

2

1

No. Workers
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Pl acenment
Wthin area near center
Under 5T crane

Evenly spaced toward each
cor ner

One worker to left of each
machi ne

At random

In center of office

Near center evenly spaced
At random

At random

Center of plant

Two workers to the right (north)

side of layout area
At randomin fitting area

One at north side of table,
one at left side

At randomin staging area

Right side of table
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Wien you have finished indicating the location of each worker, remve the carbon
paper and examne the pattern of dots on the second sheet of paper. You should
be able to deternmine the area of heaviest worker concentration quite easily.

Wien you deci de where worker concentration is the heaviest, draw a circle around

that area, and turn to Wrks beet “A’" Solution and conpare your results with the
results shown there.
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WORKSHEET "A"

N
TIME cLoCK
- FORMANS ?"7 S
OFFICE &
JIG ¢ &
FIXTURE &
STORAGE < WATER
g lil’ispLER
9 | Lavourt
0L FORKLIFT gl e
CRIB ) O FTTING i
/ ZI/‘- E
\/ g
WELD | __l
ROD ROOM WELS—
qAREI\—
GRIND
ARE’A INSPECTION ST CRANE
0
-
N _L
: SHIPPING AREA
I n
1
BURNING i 1 OP*2 57 crane
1 |
TASLE ! g'(r—ggfes ! RECEIVING
} : AREA
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Worksheet "A" Solution

o

We have determired the area of heaviest employee concentration to be in the
fitting and weld area, as shown here.

The location of workers in a department or yard can have a direct influence or
the location of facilities such as washroom, time clocks, personal lockers,
water coolers, and so on. It is best to locate these close to areas of heavy

employee concentration in order to cut down the time that workers spend walki:
to and from them.
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Determining the Flow of Material

It is easier to determine where backtracking and excessive material. travel is
present if you can illustrate it visually on a sketch. Use Sketch No. 1 on the
next page and record the path of the material flow by placing the letters shown
at the correct place on the sketch. For exanple, the material is first deli-
vered to the receiving area (shown as A) and noves to plate storage by overhead
crane (shown as B) . The material then noves through the follow ng step

To burning table

Parts staging for grinding area

To grinding

To holding area

Transport by forklift to parts staging

From parts staging to layout and fitting area by overhead crane
Fromfitting to inspection by overhead crane
From inspection to welding by overhead crane
From welding to fitting by overhead crane
Fromfitting to inspection by overhead crane
From inspection to welding by overhead crane
From wel ding to inspection by overhead crane
From inspection to shipping by overhead crane
From shipping to ship by forklift

DO ZEr " ToTmmoe

Now, connect the letters fromA to P to determine the flow of material.

It is obvious that nuch backtracking occurs between the fitting, welding and
i nspection operations when the layout is arranged as shown in Sketch No. 1.

Sketch No. 2 shows a rearrangenent of the weld area and the elimnation of
i nspection benches. Draw in the same operation sequence fromstep Gto O (onit
i nspection steps) using layout shown in Sketch No. 2.

The tin-man inspection team has been noved from a stationary inspection position
to a roving node, inspecting parts as required. This will allow more room for
actual production operations and reduce crane utilization which could be a mgjor
delay since there is only one in this area.

A conparison of the two sketches will show that backtracking and excessive
material travel have been reduced by rearranging the weld area and elimnation
of inspection benches as shown in Sketch No. 2. Conpare your |ayouts with the
ones shown in the solution.
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SKETCH No.

1

N
TIME CLocK)
- FORMANS, _?"J S
OFFICE oo
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FINTURE &
STORAGE WATER
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WELD
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S ‘A%%l\ll\(’a AREA INSPECTION ST CRANE
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O
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L
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i TS O |
| STORAGE, CEIV
} @: AREA @

SKETCH No. 2
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STORAGE 9 WATER
_26 l_ COOLER
g R
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Rab ROOM po LY
Yz pz
w8 |63
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GRIND
AREA 5T CRANE
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O
]
! SHIPPING AREA
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SKETCH No. 1 SKETCH No. 2
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Deternmining the Uilization of Mnufacturing Space

How can you deternmine the anmount of manufacturing space there should be as com
pared to nonmanufacturing space? There is no “out and dry" answer to this
question, but nmany plant layout authorities say that the “ ideal” floor space
rati o should be 30% nonmanufacturing to 70% manufacturing. These figures will
vary widely, of course, depending on the particular industry and product. In
shipbuilding this ratio actually reverses:  75% nonmanufacturing to 25% nmanuf ac-

turing.

There is a quick way to roughly determne how well you are using plant space.
This is shown on the next page.
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In the sketch below, encircle the area that is manufacturing space.
complete this, check it against the example shown on the next page.

N
TIME CLOC!>
FORMANS! v S
OFFICE f
J6 é &
FIXTURE Og‘?
STORAGE WATER
I_ COOLER
2 =
Iu)
To0L ﬁ LAYOUT
CRIB O |ETTING 1
£
WELD
ROD ROOM WELD
AREA
GRIND
AREA INSPECTION 57 CRANE
L
[
e — U
{ SHIPPING AREA
!
1
““““““““ pl=l=2"
! I
BUTRNNG : PLATE : :T CRANE
ABLE o RECEIVING
i STORAGE : AREA.
i I —
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v
The manufacturing space encircled here represents 29% of the total floor space
that produces the product which, in turn, is sold to produce dollars. A good

layout will reduce the nonproductive areas to a minimun and provide more space
for manuf acturing.

’

N
TIME cLocK
FORMANS, ;’ S
OFFICE é)
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STORAGE WATER
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z 4
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WELD
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AREA
GRIND
AREA INSPECTION 5T CRANE
: !
- |
e
: SHIPPING AREA
I
t
BURNING ' 19 42 57 cRANE
TABLE : PLATE | RECEIVING
Vi
! STORAGE 5 AREA
1
}
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Section VIlII Selling the Improvement and Maintaining It

Selling the Concept 101
Maintaining the New Method 104
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SELLI NG THE CONCEPT

Qver com ng Resi stance

Resi stance to change is a major inpediment to nethods inprovenent activities in
most organi zations and shipyards are no exception. As irrational as Such
resistance may seemat tines, it does serve the purpose of testing new ideas so
that they will not be accepted and inplemented prematurely. Once you understand
the individual and organizational obstacles that inhibit change, you will be
able to develop your creativity nore fully and “sell” your ideas nmore success-
fully.

Even after you' ve worked out a tough problem you may find that no one is
interested. Sometimes this is due to lack of confidence in nerits of the idea,
but nost often it is due to your neglecting to get others involved in your solu-
tions.

Met hods inprovenment inplenentation requires cooperative effort. But nmany peopl e
get so ego-involved with their ideas that suggestions for nodification are auto-
matical |y opposed as unnecessary tampering. As a result, they fail to elicit

the participation and cooperation of associates during the devel opnment and

i mpl enentation stages.

Suggestions for inprovement should be heartily wel comed. When others take an
interest in your idea, they become personally involved; your idea becones “our
idea.” If you are generous in sharing the idea with others, everyone will be a
wi nner and you will be remenbered as the one who cane up with the original con-
cept in the first place. On the other hand, if you cling to the purity of your
idea too strongly, others will not cone to your aid when you run into obstacles.
Insistence on receiving all the credit for an idea is not only unrealistic in
nmost organizations; it is the quickest route to resentnent.

Threat to Authority or Position

Some peopl e react negatively to new ideas because the ideas are not their own.
Managers and supervisors are especially prone to play down the value of new

i deas because they feel that their power and status are threatened if their
subordi nates or associates suggest them They believe that if changes are
necessary, they should be the ones to think of then

Change is also frequently fought because it makes someone’s job insecure or
tunbl es an expert fromhis pinnacle of recognition. For exanple, a technica

i nnovation may introduce a new approach to a particular job. A person who for
years has followed a proven practice with great skill and confidence nmay sud-
denly find hinself to be a novice who is feeling his way down the painful path
of learning a new skill. He may feel that the change threatens his earnings or
his chances for advancement or recognition

Perhaps the nost preval ent reason for new ideas being viewed as a threat to
existing authority or position is when the ideas that originate in one depart-
nent directly affect people in another department. In the typical organization,
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each person’s responsibility is carefully defined and |ooked on as his own spe-

cial preserve. Wen sonebody comes up with an idea that concerns another per-

son's area of responsibility or expertise, the usual reaction is defensiveness

or hostility. The affected person feels that someone is trying to trespass into
his area of authority and responsibility.

This artificial but very real barrier to change not only kills a lot of valuable
ideas; it also prevents the free flow of information and communication that
shoul d exist between departnents.

(i ni ng Managenent Accept ance

A lot people can't sell their ideas to management. They may sinply be afraid of
rejection or, nore likely be reluctant to undertake the work involved in pre-
paring an effective presentation.

Often the person you' re subnitting your idea to won't even realize that there is
a need for it. You may have to begin at the beginning and go through the whole
reasoni ng process that you followed in creating your idea.

presenting a new idea is in many ways one of the nost crucial aspects of the
net hods inprovement process. Here are some ways to inprove your chance of suc-
cess:

1. Presenting to a group? Try to sell it before the meeting to one or nore
menbers. They' || appreciate your advance confidence and, possibly, rally to
your side if the going gets rough during the presentation.

2. Gve background. Before actually presenting the idea, give a short history

of the problem which led you to investigate the area and how you proceeded
to solve the problemand created the new idea

3. Show them you' ve thought it out. Denonstrate by your conversation that
this idea isn't the first one you ve dreaned up. You've thought the problem
out and made various approaches and refinements until you' re satisfied that
you have something worthwhile. The person who goes off half-cocked all the
time my be fine to stinulate others around himin an idea session, but when
you're ready to “sell” an idea, you nust be prepared to prove that you've
thought it through

4, Co slowy. The presentation of new material should be delivered no faster
than it can be understood and absorbed. Cear |anguage is absolutely
necessary. Take special care to elimnate trade jargon unless your audience
is at home with such |anguage.

5. Enphasi ze the noney angle, where appropriate. Wen selling an idea to top
managenent, remenber that a strong dollars and cents case nust be made. The
possi bl e savings potential or profit potential should be demonstrated and
the presentation should include plenty of business benefits, not just an
expl anation of how it works.
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6. Don't knock the status quo. Your audience may have been intimtely involved
in getting things running the way they do now, so don’t be hypercritical of
“things-as-they-are". Instead, talk about the better tines ahead--if your
idea is accepted.

7. sumup. At the end of your presentation, sumup the outstanding points, the
anticipated advantages of the idea, the need that exists or can be created
for the idea and why you think the idea shoul d be adopted.

8. Put it in witing. Not everyone is constitutionally capable of follow ng an
oral presentation, so stack the odds in your favor by |eaving copies of a
clear, well witten report with your listeners that will give thema chance
to study it later.

| mpl ement ati on

The groundwork for inplenenting a nethods inprovement project or another pro-
ject actually starts with selecting the work to be studied. Wat you do and
how you do it fromthat point to the time you are going to make the change wil |
determ ne the success of inplementation. Have you

I nvol ved everyone concerned

* Listened to their ideas

* Taken the time to conpletely understand the current method
Conducted a thorough analysis
Sold the idea and answered all questions?

Then you will have all the detail and support required. If not, be ready for a
rough inplementation period.

Trai ni ng

In nost cases when introducing a new nmethod, the worker will require retraining
In the training the nost inportant thin? will be to develop a habit of doing the
job the correct way. Habit is a valuable aid in increased productivity as It
reduces the need for conscious thought. Good habits can be formed just as
easily as bad ones.

Begi nners can be taught to follow a nunbered sequence illustrated on a chart or
they may be taught on the machine itself. Either way, they nust be nade to
understand the reason for every novenent.

As part of the process of installation, it is essential to keep in close touch
with the job, once it has been started, to ensure that the enployee is deve-

| oping speed and skill and that there are no unforeseen snags. This activity is
often known as “nursing” the new met hod.

Only when you are satisfied that the productivity of the job is at the |evel of
your expectations and the operator has settled down to it, can it be left for a
tine.

- 103-



2

MAI NTAI NI NG THE NEW METHOD

It is inportant that, when a method is installed, it should be maintained inits
specified form and that workers should not be allowed to slip back into old

met hods, or introduce elements not allowed for, unless there is very good reason
for doing so

To be maintained, a method nust first be very clearly defined and specified.
Tools, layout, and elements of novement nust be specified beyond any risk of
msinterpretation. The extent to which it is necessary to go into mnute
details will be determned by the job itself.

Action by the inplenentor is necessary to maintain the application of the new
met hod because, human nature being what it is, workers and foreman will tend to
allow a drift away fromthe nethod laid down, if there is no check. If it is
found that an inprovement can be made in the nethod (and there are very few

met hods whi ch cannot be inproved in time, often by the operator hinself) , this
shoul d be officially incorporated and a new specification drawn up. As noted
before, one of the nost universallyused techniques to ensure adherence to
approved nethods is by use of a Labor Standards Reporting System

- 104-



=]
)
T
Supplemental Materials

Paper: “The Rocky Road of Installing a Work Measurement System”
Productivity Brochure

SP-8 Publications

Note Paper

Carbon with Sheet for Exercise




THE ROCKY ROAD OF INSTALLING A WORK MEASUREMENT SYSTEM

William S. Oakes
National Steel and Shipbuilding Company

ABSTRACT

The auth%r examines the relationship
between the uses of a work measurement
system, the technique used, and the prob-
lems of installation. . A number of sug-
gestions are made to insure a successful

System.

| remember my first simple introduction
'r[]o va/ork measurement systems from my boy-
0od.

In my father’s sheet metal and plumbin
shop was a small notebook marked, “COS
BOOK®.. Here were listed the various
materials, fittings, hourlg rates and
representative jobs, standard data so to
speak, and their estimated labor content.
is method of work measurement was similar
to some of what we do today. A nJob \Glas
broken down into an appropriate number of
small pieces, the material costed, the
labor hours estimated, and the results
totaled. . He also used learning curves and
self-logging.

The Oakes family did quite well. Because
the cost estimatés tended to be "centere
there were not too many disasters from too
low estimates, and we did not lose too
manty important jobs because they were
quoted too high.

WHY HAVE A WORK MEASURMENT SYSTEM?

A wark measurement sa/?(tem does not exist
for itself alone. Work measurement IS
usually a method of determining, techni-
cally, how much time a task should take.
These standard times may range from the
varl? s direct labor JO%? in %factor ,
to office work In a bank, to the gro es-
sional man-years of a major engineering
project.

Besides the level of standard time, it
is important to determine the uses of
the system you ar thlnkln? ?]bout be-
causé the two -- the use of the system
nd the work measurement techniques, re-
ate to each other in an important way.

For example, the following page lists

some of the preliminary considerations
that you will make as you develop the

relatlonshlevbetween the technique and
activity of work measurement.

Copyright @1983 1e West coast Regionalized Conference



WORK MEASUREMENT TECHNIQUES

1. Educated Guess. Probably the moat
common form.

2. Historical Analysis. Requires good
records and retrieval. Locking in poor
methods is a hazard.

3. Work Sampling. Good for a first look
or comparing 2Ewo operations.

4. Self-Logging. Asks the worker to
record the %lme It takes to perform
various tasks.

5. Time Study. Use a stopwatch.

6. Standard Data. Uses curves, nomo-
graphs, charts, or milestone sheets to
present data in useable form. Usually
relies on PTS.

7. Predetermined Time Sgstems sPTS?
Various Tevels o or UAS,
Work Factor, etc. are used to measure the
work to be performed -- not the person

who performs it.

WORK MEASUREMENT ACTIVITIES

(The work measurement system is only
part of these actlvmes¥

1. Is essential in rov1d|n9 infor-
mation for a productivity ovement
B;g%rtasm to maximize the generatlon of

2. . Forms a basis for manpower cost
estimates.

3.. Provides an mcent}ve to.fix an in-
adequate management information system.

. _Enables enlargement and enrl h-
mentq) ?cl?lr'gatm % he c?es ?1 -
Iengmg work stations or assig ments

) vides information for shop load-
mg an8 work sc edu? P

6. Helps determine staffing levels.

7. Points out equipment needs and
justification. qauip

8. Promotes metho(ds analysis and im-
provements in worker e e tiveness.

) Determmes abor performance
throug usin eratoo measured
0

work to actual work
Improves w rker moral Employees
|?<e |dea hey a? aveloay
%anceﬁl fair, Workload -- and know
where théy stand.
11. Hel é)und and back up accurate
standa ta elements.

12. Can help predict the effect of new
business.

13. Encourages other improvement proj-
ects unre?ateogto work mc%sureme prol

14 . Assists in implementing a MIL-STD
1567 program.

15. “Balances” a&roductiopl line so
each station or each group has a similar
work load.

16. Determines the evrobable labor cost
of manufacturing a new product.

17.  Many workers prefer to be judged
by objective standards rather than the
subjective opinion of their supervisors.

18. Helps establish what is a fair
day’s work.

COMPETITIVE COSTS!



19. A giood work measurement system is
essential for incentive or measured day-
work plans.

20. Quality is often improved because of
the connection between Pood work design
and “building the quality in”.

And you could add to this list with
little” effort.

It is one of the mysteries of the time
why work measurenient I1s not used more!

The actual reasons for having a work
measurement s¥stem are ccmplex.  Ralph
Sims [5] describes it very well with the
concept of the “perceived need”, Because
at first the IE Is probably In the posi-
tion of mmatmg or selling the work
measurement system, WthhéJl’Obabl is .
Part of anothgér system gl. . productivity
mprovement), he faces a “sales situa-
tion”. Quoting Mr. Sims:

“There must be arﬁ)ercelved need for a
solution, acceptance of the expertise
and authority of the professional, and a
self-serving willingness on the part of
management, to accept the solution and
implement it for the benefit of the
company”.

“The, rlg[ht_ solution must be presented at
the right time, and funding must be
available t% meet a perceived _neegl within
an %gcepta le (corporate) policy frame-
work”.

Which brings us to the first roadblock:

ROCKY ROADBLOCK No. 1

Your work measurement system must
fill a}ﬁ)ercelved need_& ich %ou
maI){ ave helped articulate), be
part of another useful activity,
and be accepted by management.

Remember the list of uses, mcludmrq your
own additions. These are the qualities
that you will be selling, not the work
measurement system.

By now you will begin to see that there
|syno “ggld%n charlgt” that will ta‘<e YOU
to the promised land. Each work measure-
ment system has to be custom designed,
and classic engineering problem-solving
techniques may suggest a way to do It.

A PROBLEM-SOLVING APPROACH

1. Define the problem situation.
2. Gather facts.

3. Determine what is needed.

4

n

. Design a solution to meet these
eeds:

a. An overall skl/lstem.
b. A detailed design. (May follow
step 5).

5. Management review and go-ahead.
6. Implementation.

7. Maintenance of the system;
tion if required.

DEFINE THE PROBLEM SITUATION

correc-

Usm% the concept of perceived need you
will begin to define the proposed
system.” And at this time the need to
involve the peaple affected becomes
almost critical, As Professors New and
Singer put |FT[]IA, “As a result of
earﬂi Involvement in the change process,
em oa/ees may feel a sense of "owner-
ship’ of the chiange that will mativate
them to carry it out”. And to help you
define the problem too, we might add.

The kind of custom-designed _SP/stem we
are talking about willrequire the
ideas andéupport of all those who will
be affected.

This is not the place for a lone wolf.
You are going to need people to valun-
teer to work for the new system with
enthusiasm, people who will be vitally
interested in_its success, and who will
be eager to Invest time and effort. The
involvement aspect will take all the
talent you have, but it must be done.

So here is the second principle:

ROCKY ROAD SMOOTHING No.2

Involve all people who are affected
or who can help.

This is enough of problem definition and
team development. It is the most
important step, however.



GATHER FACTS

We will not spend much time on this
eect but i |s obvious that you WI||
e to study rE.’rOdUCt makeu(ﬁ)
statlstlcal Work and, develop a data base
factual information.

You just cannot take an opinion surve
You ‘need facts, with rellable statis |-
cal information taken in enou uant

to give proﬁgr conflden e that 8 |H~|o /v

what is gol o]n and w ere
num ds a atherw
of the %rogect

e WI| Xee/ factual Jata for the
step.

DETERMINE WHAT 1S NEEDED

When we discussed the sugg[ested proce-
dure a few minutes ago we talked about
he definition and

the perceived need,

the TFact- ﬁatherlng 'situation. We are
zeroin on our OP ortunrtiy For this
phase checkllst m gft be handy:

1. What are the outputs of the work
measurement system?

2. Who or what groups, will use your
syste group y

Will you or the IE gr
ﬁ)lrﬁatlon or someqQne e

| ‘have to think about
technlque you will use).

4. Where is .the best
Most authorities su a smaII lace
with easy tq achie e resu Its. But you
know your situation, and opportunity.

5. How many mdusglal en (fers and
other personnel will be nee What
talent level will be required?

6.  What goals do you have? This re-
lates back to the Users of your system
Buttﬁhange will probably be part of all

7. What Aoercent accuracy do you have to
have’) t confidence |evel? ﬁarnly
ou do not want to require any |%

evel than you need conS|der|ng
balancmg ime availab

oA SR e o
\9VI|| be Worklng)\//\)O
Tr

the %/cholo ical route in rgl)ettlng
in ormat o the

basis of
in. H1e wquers position. Find out what
will work. —

be doing the

150 (HETF 3P

Iace to start?

uter systems in
t e System you

but do not decide o

Mitchell Fein, who is also on the

P lgram has’ wrrtten a number of excel-
ent articles including one on reliabil-
ity, precision and accuracy [3].

ROCKY ROAD HAZARD No. 3

Select the correct work measure-
ment technique consistent with
your requirements.

9. Define the desired end result of
your system. Write itdown. List.

10, _If the goal is to overcome an
existing problem, have you looked at
the causes of the problem? Sometimes
thrnf;s are not what they seem. For ex-
Pe no amount of work measurement
will overcome an ergonomic problem.

ROCKY ROAD PREPARATION No. 4

Have a list of the main activities
gour Work measurement system will
e used

DESIGN A WORK MEASUREMENT SYSTEM
Perhaps sHec@ is a better word than

design, now you are |nvoIV|n
moreé people nd fm%ln W hat the
will need an how )9 use you

system. More checklist:

1. Does the level of work measurement
you are proposing (MTM-1, MOST, MTM-3,
etc.) match your use of the system?

2. Does your data plan, the final
resglt}I of your design, match what is
neede

3. Will your design sell itself?

4. What needs to be delivered at the
end of the implementation phase?

5. Is your work measurement design
understandable to the people whowill
UsSe _it7 _Here is anot er ood place to
get involvement as lay over the

utputs (to, meet r u ers’ needs
wrth your “custo ers

6. Haveyou played over your design
proposal with senior management?




. Have you considered a system such as
“Improshare Mitchell Fein’s gain-
sharing plan?

. If available, have }/ou conS|dered a
Quallty |rcle or of Workin
Cife, problem-sol vmg team to help con-
triblte to the design requirements?

Time for another caveat The Gray-Judson
Corporation, a Boston-based mana%;ement
consultlng firm [6],recently listed the
result of a survez to determlne th/ pr
ductivity impro ement efforts fai
found that piecemeal or uncoordinated
agé)roach to deal with the problem, poor
dination among departments, or ex-
cessive department autonomy were to blame
for the failures.

All of these causes of fajlure, plus
gltétrers you might list, point to Soor de-

ROCKY ROAD CAVEAT No. 5

You ust have to have an excellent
design for your system, with out-
Bs tis that are needed and will be

The design you work out, in conjunction
with your “design team”, will probably
take the form of first working out an
overall design. Then, after~ verifica-
tion of its correctness, you will work
out the detajls.  There’is no use work-
ing on details first. Certainly do not
wind up having a solution looking for the
grob em, or a cure looking for the dis-
ase

MANAGEMENT REVIEW AND GO AHEAD

At this_point a management review and
financial Commitment is in order This
IS a ood place to seII g/our team’s pro-
osals and develop management inter st in
our roduct|V|t |mpro Ing system. Em-
phaS|2|n the ROI (return on investment)
IS a good way to generate interest.

Management is.important. In a short_ref-
erence It is pointed out that a Brig-
ham Yo n University survey “discovered
that organizations with the worst labor

roblems had the poorest management.
hese companies failed to set clear pro-

ductivity éo ectations, establish Individ-

ual respon3| ility, provide worker feed-
back through appraisals, or encourage
employees to develop their skills”.

IMPLEMENTATION

W|th a I|ttle Iuck the |mplementat|on

g 1@ 3 well. A pro ject
efi n|t|on and esign wilf go a'long way

%owakrd putting your team on the right
rac

As we go |mplement|n% our design we have
to keep in mind that the measured system
IS subservient to, not the focus of, the
industrial engineering effort. Work
measurement’is inte rated |nto the pro-
ductivity-impro tivity.

Here are a few items for your implemen-
tation check list:

1. Have you developed an implementation
master schedule?

2. Are you developlnfg “psychological
ownershlp of some thg activtiies on
the part of those affect

3. Are you aware of the change resistors

and som techniques to cope with them?
See ) Trad|t|on inertia, and new-
ess are roblems Try to move your
roject Oat th ht spéed so people can
et use toc an

4. Are you setting u ”thelmplementa-
tion so that |nS| ers lpeogct) e af-
fected% will be doing the WO the

he outsiders (staff IE’s)?

: Areny u brlnglng the goals of the
eo le involved into convergence with
hose of the organization?

. As problems develop, do you show
eo le possible ways to solve the prob-
em rat er than doing it yourself?

7. Have you considered a physical move
to the area of the operation you will be
working with?

Professors New and Sln%1 er [11 presented
some excellent ideas on 0 inv
eople and overcome resistance to ¢ an e.
ne quotation from their excellent arfi-
cle: “As a result of early involvement
|nthe change rocess em quees may

ee a sense ‘owners np of the
ch ange that motlvate them to carry it
out

Professor Odiorne, in a review of his
new book[2], has a lot to say about the
psychological aspects_of change and im-
plémentafion.  Here is one quotation:
‘To initiate action, present tt}) chan e
as a new vision, something no e

can stamp out something eV| prove
to people that they are better than

they think ...or stréss the high moral
qualltles of the proposed action”.



MAINTENANCE OF THE SYSTEM

ThIS IS ﬂart of the system design. _Like
all syste maintenance and at entlon
I%rgceequwed or degradation will take

Hal Lindemann is giving a program on the
maintenance of work measument systems.

Another truism:

ROCKY ROAD AVOIDANCE No. 6

Wa ch out for driving int ra
eing event-driven rather tﬁw R

S stem-danD'od plan res-
R%‘n‘d'im‘yvh'a'( n$e S to be done,
ot the latest fire.

LAST THOUGHTS

We industrial engineers have a unique
opportunity to help achleve some o

society’s ancient goals -- rodu t|V|t
an increased. standard of I| nity,
guality of life. We are in a posmon
to correct the errors of the past and

contribute to better society.

ROCKY ROAD SIGN No. 7

Now that we’ve %(])t where we're
going, where’s the next project?
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PRODUCTIVITY
M A NAGEMENT

EMPL OYEE |

As men and women whose training and
experience are specifically aimed at produc-
tivity improvement, industrial engineers
are well positioned to answer questions
about productivity today.

Hundreds of these professionals took time
to reflect on the status of productivity in
America, candidly expressing
their opinions about it in past,
present and future tense.

Their views on what efforts
toward productivity improve-
ment will and won’t work
collectively show there’s no
single solution to any produc-
tivity problem, nor do these
IEs reveal or claim to have
any magic formula which can
guarantee results. But this
cross-section of information
from a broad front of enterprises should be
valuable as guidelines for management in
industry, business and government.

And speaking of management, those run-
ning large and small organizations alike
should take serious note of how they’re look-
ing at productivity. IEs put “management
failing to understand how productivity can be

P OLL

UNDIERSTANDING

EMPHASI ZES

NV OLVEMENT

improved” at the top of the list of major
obstacles to productivity improvement.

What about locations where management
does comprehend the problem? Which gen-
eral improvement areas can be expected to
bring effective results? IEs believe capital
investment for new or automated machinery
remains the frontrunner, but
this year’s survey placed “for-
mal employee involvement
in productivity improvement
planning and evaluation” in
a strong runnerup position.

¥ The role of management,
employees and their applica-
tion of skills as evaluated in
this report seem to underline
the re-emergence of human
resources as the dominant
factor in produactivity
improvement, overshadowing even the
amazing advances of society’s working
tools being automated by the advent of
computerization.

As the decade of the Eighties reaches mid-
point, integrating people and technology
has become the critical move in the never-
ending quest for improved productivity.




MOST SAY PRODUCTIVITY WORKS BEST

WITH CAPITAL, COOPERATIVE SPIRIT

Many responsible for management decisions have for many years called capital investment the
principal key to greater productivity, saying outdated equipment and facilities simply are too great
a handicap for efficient output. Industrial engineers don't disagree with this attitude; in fact, three
out of four responding to the 1984 survey say their locations have made capital investments in
the past five years. Moreover, nearly 86 percent of those stating such capital investments had been

made also said the investment resulted in a high degree of effectiveness.

But money alone isn’t the only answer.

Running a close second in types of activities named by the productivity experts was formal employee
involvement in productivity improvement planning and evaluation. This includes such programs
as quality circles and suggestion programs — activities giving employees a means to contribute
their ideas and energies. Are such programs successful? More than half {63.1%) said the program
was effective, supporting the theory that productivity thrives best where management looks to
employees for help in work design.

Capital Investment For New Or Automated Machinery

{Nat Inchiiding Rohotics)

AvWL BiIwiu 11X w Sy

Formal Employee invoivement in Productivity
1 no

ro
Improvement Planning And Evaluation

Introduction Or improvement
Of Quality Control/Methods

Introduction Or Improvement
Of Inventory Control Methods

751%| |68.7%| |66.2%| |64.4%| |63.3%| |48.7%| }45.1%| |30.9%| |25.9%

Evaluating Performance And
Establishing Specific Productivity

Improvement Targets

More Worker Training To improve
Product/Service Quaiity

Systems Innovations

Development Of Indirect Labor Standards And controils

introduction Or Expansion Of Use Of Robotics




Q: Which productivity improvement activities have been undertaken at your
facility in the past five Years? If undertaken, state whether effective.

-

CAPITAL INVESTMENT FOR NEW OR AUTOMATED
MACHINERY (NOT INCLUDING ROBOTICS)

Effective?
85.7%
Yes
. 14.3%
Base: 718 No

FORMAL EMPLOYEE INVOLVEMENT IN PRODUCTIVITY
IMPROVEMENT PLANNING AND EVALUATION

Effective?

Base: 719




CONTROLS, TARGETS A LSO CITED

Introduction or improvement of quality control/methods ranked third in popularity among produc-
tivity improvement activities in facilities where interviewed IEs worked, followed closely by
inventory control methods. And in both cases, most said these activities were effective (73% and
70.8% respectively). Next in order of popularity were specific programs to evaluate performance
and establish productivity improvement targets. Here again, & Strong majority (66.7%) said such
programs were effective.

Effective?

INTRODUCTION OR IMPROVEMENT
OF QUALITY CONTROL/METHODS

66.2%

Base: 707

INTRODUCTION OR IMPROVEMENT Effective?
OF INVENTORY CONTROL METHODS

70.8%
Yes

Base: 708

EVALUATING PERFORMANCE AND
ESTABLISHING SPECIFIC PRODUCTIVITY Effective?
IMPROVEMENT TARGETS

63.3% 66.7%
dE o Yes

Base: 719




EMPLOYEE TRAINING LEADS
NEXT THREE

Among productivity improv ement ideas undertaken at less than half of facilities where surveyed
IEs work but which still had considerable support include more worker training to improve quality
48.7%) systems innovation —such as integrated factories, advanced material handling techniques
and computerized manufacturing methods (45.1%), and development of indirect labor standards
and controls (30.9%). Of these, more said worker training was effective.

MORE WORKER TRAINING TO IMPROVE Effective?
PRODUCT/SERVICE QUALITY

48.7%
, 26.5%
NO
Base: 705

Effective?

SYSTEMS INNOVATIONS

Base: 705

DEVELOPMENT OF INDIRECT LABOR Effective?
STANDARDS AND CONTROLS

Base: 698




ROBOT EFFECTIVENESS OFTEN
RATED LOW

ment for new or automated machinery [see page 4) pointedly excluded

lated reading on this advanced concept as a productivity activity.
ir facilities’ investments, and this differs

however, is that more than half of these

Questioning on capital invest
robotics in order to get an iso
One-fourth of respondents said robotics were among the
little from the previous year’s survey. What is surprising,
reporting IEs (55.9%) said robots were not effective.

INTRODUCTION OR EXPANSION OF USE OF ROBOTICS

Effective?

Base: 691

OTHER PRODUCTIVITY IMPROVEMENT METHODS

Effective?

94.3%
Yes

Base: 46 5.7%




PRODUCTIVITY HAS
MANAGEMENT OBSTACLES

Authorizing sufficient manpower to direct productivity improvement usually won't take place
unless management understands how productivity can be improved. With this premise, it stands
to reason when IEs were asked to designate obstacles facing productivity success they would give
these two points about eqtial blame.

Also considered serious obstacles by more than half of the respondents were insufficient training
programs, management failing to apply proper measurement programs and an inability of labor
and management to work toward common productivity goals. With interest rates having leveled
off since the last survey, fewer than a third saw high interest rates squeezing capital investment
as a major obstacle.

0: To what extent do you think the following are obstacles to productivity
improvement?

MANAGEMENT FAILING TO | MANAGEMENT FAILING TO
UNDERSTAND HOW AUTHORIZE SUFFICIENT
bl o BRSO
X A
IMPROVED ® | IMPROVEMENT, 22
e |
67.3% /t%-%’?y’% 617%  cme=jean
Base: 739 Base: 750 I T
INSUFFICIENT TRAINING 56%
PROG RAMS Base: 734
| B
57.2% WZZZ & MEASUREMENT
INABILITY OF LABOR AND | HIGH INTEREST RATES
MANAGEMENT TO WORK
TOWARD COMMON -
PRODUCTIVITY
GOALS
1)
55.7% 2o




W O R K ATTITUDES AFFECTING

PRODUCTIVITY?

Five additional categories were posed for judgment by the “productivity engineers” who are in a
position to witness such things day by day at work sites in plants, offices and other locations.
Their observation: compared to ten years ago, employee loyalty, pride in work, workmanship,
motivation is down. Less than 21 percent felt people work harder than a decade ago.

Looking at worker attitudes in still another way the picture painted in this survey differed a little.
IES at 56.8% of locations describe workers as “enthusiastic and optimistic.” This was five points
higher than last year’s survey, but certainly still not an overwhelming majority.

Are these attitudes part of the human resources problem related to productivity improvement?

If so, then responses to another survey question should be studied closely by management. Asked
how people might be encouraged to generate ideas to improve performance, personal recognition
was considered much more important than either monetary reward or opportunity for promotion.

Q: Compare the following now with ten years ago:

People work: Base: 720
47.4% 32.2%
20.4% About @ Not as
Harder Same Hard
Pride in work is: Base: 722
22.4% e a0 Q 42.3%
' P - Less
Greater Unchanged

Employee loyalty is:

31 1%.Q 52.8%

Base: 723

16.1%

unp Unchanged Down
Workmanship is: Base: 726
33.3% 38 7% 28 %

Better Unchan"é"e‘ﬁ' Worse

e

Work motivation 1is: Base: 723
0,

23.7% 34 8% 41.5%

Greater Unchan‘?;"@'d' Less




Q. Which of the following best describes the attitude of most of those who work
at your location?

N
ENTHUSIASTIC AND OPTIMISTIC <
-568% - o Z
P
AN -
<¢ a)
‘.J'“- OO0
NOT VERY ENTHUSIASTIC AND
Base: 73 OPTIMISTIC - 43.2%

Q: What do you think is the single most effective way to encourage people to
generate ideas to improve performance?

PERSONAL RECOGNITION - 55.2%

MONETARY REWARD - 29.2%

OPPORTUNITY FOR PROMOTION
- 16.3%

OTHER - 10.7%

Base: 765 )
(over 100% due to multiple responses)

1




WHAT ABOUT USS.
PRODUCTIVITY IN 19947

Not many years ago, hardly anyone questioned American supremacy in productivity for the foresee-
able future. But industrialization and new techniques in other countries have changed this view
significantly, whether discussing the subject with IEs or the public at large.

Only a third of those surveyed this year believes the United States will rank highest in the world
ten years from now. Nearly 46 percent puts the U.S. behind one other country (Japan and West
Germany were most often identified) and another 21 percent saw the U.S. behind not just one’but
“most” industrial nations. A positive note: the percentage of IEs seeing the U.S. still on top in
1994 was a few points higher than those holding this opinion in the previous survey and substantially
higher than three years ago when only 20% believed Uncle Sam would maintain its productivity
edge for 10 years.

Q: What is your opinion on U.S. productivity ranking ten years from now?

e %
+HIGHERTHA I-\’EE’OTHE@,!NDUSTEIIﬁLZ%

82
¢  HIGHER THAN ALL BUT ONE OTHER?:™
: INDUSTRIAL NATION - 45.9%

“LOWER THAN MOST OTHER
INDUSTRIAL NATIONS — 21.4%
LOWER THANALL OTHER 1
NATIONS — 0.1%:_/"

¢ NATIONS - 32.6%

i3
£

i\
pe

AT IR

DUSTRIAL

e *OTHER NATIONS MOST OFTEN NAMED:

g Japan -

5 %‘“\f\ West 92-3%/\/&”!
™~ Y AL Y
) & Germany S

meen31.6% S
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Bm

¥
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TYPES OF

INCENTIVE

PROGRAMS REPORTED

Many companies have various types of employment incentives, but many are not setup as formal,
ongoing programs. It was the latter which IEs enumerated in this survey. Wage incentive programs

were by far the most prevalent; gain sharing incentive programs are still in a small minority.

Besides being most popular in number, wage incentives also are the most effective, according to
respondents. Nearly three-fourths thought the expense was justified. By contrast, most IEs at

organizations where gain sharing programs are in operation do not think the expense is justified.

Increased worker efficiency was given as the single most important benefit of a formal incentive
program, getting more responses than improvement of ouput quality, increased company loyalty

and other benefits combi

ned.

Q: Does your organization have a formal employee incentive program of the

following types and is the expense of it justified?

Has %
WAGE INCENTIVE PLANS 201 30.3
Base: 664
GAIN SHARING PLANS
Improshare 16 | 3.8
Base: 422
Rucker 2| 05
Base: 402
Scanlon 6| 15
Base: 405
Other 56 | 16.1
Base: 348

WAGE INCENTIVE PLANS Is Expense

Yes

74.4%

Justified?

25.6%
No

GAIN SHARING PLANS Is Expense

Justified?

13



ROLE OF INDUSTRIAL ENGINEERS

With productivity gaining more and more attention in a competitive worldwide economy, the
survey sought to determine if the productivity focus was being reflected in the careers of industrial
engineers, who are the fulltime professionals in productivity improvement. Evidently this is the case,
with 50.8 percent saying they’re more influential in management decisions now than when first
associated with their present employer. IEs see themselves with a lead role in developing sound
organization productivity programs primarily because of the reasons identified in the chart below.

Most of the IE respondents (69%) work in manufacturing, but service industries, government,
educational institutions and consultants were also represented. Present principal job function was
divided mostly between manager (35%) and staff engineer (40.7%). How respondents were distri-
buted in terms of size of organizations by whom they’re employed is shown in the graph on this page.

Q: What are the primary reasons industrial engineers are best qualified for the
lead role in developing sound productivity programs?

BROADER PERSPECTIVE OF WORKFLOW 80.9%
PRODUCTION AND SYSTEMS CONTROL 70

EXPERIENCE AND TRAINING IN MANAGEMENT
TECHNIQUES BEYOND THAT OF OTHER
ENGINEERING DISCIPLINES 65.4%

ACADEMIC CURRICULA TEACH THE IE MORE
ABOUT THE RELATIONSHIP OF HUMAN

RESOURCES TO TECHNOLOGY 44.3%
Base: 677 0
((;jlvseer 100% due to multiple responses) OTHER 5.8% L1

Q: Approximately how many persons work for the firm or organization at the
location where you have your main job?

00

30
25
20

15

10

5

0

Under 50 50-99. 100-299  300-999 1, 000-2, 9993, 000- 4, 999 5, 000-9, 99910, 000 or more




SPECIFIC IMPROVEMENT EXAMPLES

ARE AVAILABLE

Undoubtedly productivity improvement is becoming
the primary goal of organizations everywhere. And
the annual survey does more than monitor the extent
of Pl programs; it also gathers and makes available
examples of specific programs successfully under-
taken in industry, business and institutions of all
sizes. Measured in either reduced dollar expenditures,
saved manhours - or both, these examples submitted
by a representative number of survey respondents
are available to organizations needing comparative
tools and references while formulating or revising
their own PI programs (see order form below).

Notes on the 1984 survey: questionnaires were
mailed to 2,500 non-student U.S. members of the
Institute of Industrial Engineers on an Nth number
selection basis. Valid responses numbered 765 for a
response rate of 30.6%.

The survey is among projects of the Institute’s
annual Productivity Improvement Campaign, con-
ducted as a public service to forward productivity
development throughout the economy. “Productivity
and Quality Work Together” is the 1985 campaign
theme. Organizations wishing to display posters and
distribute employee leaflets which explain how pro-
ductivity relates to their own well-being may use
the order form below.

The Ingtitute of Industrial Engineers is a non-
profit international professional society of 43,000
members whose principal endeavor is productivity
improvement, encompassing design and installa-
tion of integrated systems of people, materials,
equipment and energy.

INSTITUTE OF INDUSTRIAL ENGINEERS
MAIL TO: 25 TECHNOLOGY PARK/ATLANTA
NORCROSS, GEORGIA 30092

Send the following:

O additional copies of this survey report @ $1 each. Quantity discount

price: $.75 for more than 5 copies. $

enclosed.

O Price information on the employee leaflet explaining productivity’s impact on pay-

checks and job security.

O Price information on the bulletin board poster sheet with the 1985 PI Camkpaign
theme, “Productivity and Quality Work Together.”

Name

Organization

Title

Address

City

Zip



INSTITUTE OF INDUSTRIAL ENGINEERS
25 TECHNOLOGY PARK/ATLANTA
NORCROSS, GEORGIA 30092
Phone (404) 449-0460
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